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ABSTRACT

Data demonstrating the existence of two 2*~ resonances produced in K~ p
interactions at 11 GeV/c in the LASS spectrometer are presented. The first state
is seen in the =*°*K~ decay channel with mass 2253 & 13 MeV/c? and width
81 38 MeV/c?, and the second in the Q™ 7t7~ system with mass 2474 + 12
and width 72 £33 MeV/c?. Inclusive cross sections corresponding to these decays

corrected for unseen charge modes are estimated to be respectively 630 4180 and

290 = 90 nb, respectively.

1. INTRODUCTION

Even though the Q™ hyperon was discovered more than two decades ago, data
showing the existence of any of its excited states have become available only very
recently” ™ Such data have required the use of K~ or hyperon beams in fixed
target experiments. They also require detectors with the acceptance and resolu-
tion necessary to deal efficiently with the complex topologies that events involving
such particles entail, the capability to perform good particle identification neces-
sary in the recognition of the relevant final states, and the ability to acquire and
process huge data samples. These qualities have been admirably matched by the
Large Aperture Superconducting Solenoid (LASS) spectrometer at SLAC. In this
paper, we present the data which were accumulated in a large exposure of the
LASS spectrometer to a beam of 11 GeV/cK~. These data clearly demonstrate

the existence of *~ resonances in two channels:

K~ p— Z 7tK~ + anything

l—) An™

K p— Q ntr~ 4+ anything

|—+ AK™



2. THE EXPERIMENT

The LASS spectrometer is shown in Fig. 1. Full descriptions of the hardware,
triggering and data processing algorithms and other experimental details are given
in Ref. 4. Details associated with extraction of the == and Q™ samples discussed

here are also given in Ref. 5.

The spectrometer was situated in an RF-separated beam of 11 GeV/c K~ with
a K /7 ratio of 70/1, tagged by beam Cherenkov counters. Important features of
LASS were its uniform acceptance over almost the full 47 solid angle, excellent
momentum and angular resolution, azimuthal symmetry, and good particle iden-
. tification. Momentum measurement was accomplished with the superconducting
solenoid with 22.4 kG field in the beam direction, and with the 30 kG-m dipole
with vertical field. Low momentum particles were well-measured by the solenoid
vertex detector which was instrumented with proportional wire chambers (PWC’s)
having 200 pum spatial resolution. High momentum particles travelling close to

the beam axis were accurately measured in the dipole spectrometer.

Particle identification was accomplished by two threshold Cherenkov counters
(Cy and Cy) and a time of flight (TOF) hodoscope placed behind C; at a distance
of five meters downstream from the target. The pulse heights measured in the
cylindrical PWC’s surrounding the target provided dE/dz information for low
momentum particles having wide recoil angles. This was useful in distinguishing

7/ K/p hypotheses in the 1/3% region.

A very loose trigger required two or more charged particles to emerge from the
hydrogen target. For the channels of interest here this represented a completely

negligible bias.

The raw data sample contained ~ 113 million triggers, and the resulting use-
ful K~ beam flux corresponded to a sensitivity of 4.1 events/nb. After track
reconstruction, a sample of events consistent with the =~ — A7~ or 0~ — AK~
decay topolbgies, illustrated in Fig. 2, was identified. A pair of oppositely-charged
tracks which met within a few mm in space was required to yield a pr~ effective

mass consistent with the nominal A mass. The A momentum vector was further



required to point back within a few mm of a negative track candidate which was
chosen such that the effective mass formed with the A was compatible with either

of the above decay modes.

Finally, the composite track formed from this negative with the A was, in turn,
required to extrapolate back to within 1 ¢m of a primary vertex, whose position
was determined by a fit to the incoming beam and the primary charged-track

candidates. A sample of ~ 1.5 million events satisfying these requirements was

defined.

3. THE Z-K—rt CHANNEL

A clean sample of =~ events was readily extracted. Particle identification was
used to reject events inconsistent with a =~ interpretation, and also events with
identified protons at the primary vertex. Kinematic overlap between v and A
often occurred. Such misidentified 4’s were removed from the remaining A sample
by eliminating events with A decay helicity cosine greater than 0.98. Finally, only
events with a =7 track length greater than 3 cm were retained. The resulting
Am~ effective mass distribution shown in Fig. 3 exhibited a strong =~ signal.
Approximately 82,000 =~ events with a background of approximately 10% in the
mass range 1310 < My .- < 1332 MeV/c? were selected for further study.

These events were then tested for existence of a K~. Clearly, a negative track
produced in K~p induced =~ reactions was more likely to be a 7~ than a K—,
since the latter required production of an additional unit of strangeness. Clear
identification of the K~ was therefore necessary, and to this end negative tracks
entering the geometrically efficient regions of C; or Cy at momenta above 2.9
GeV/c were required to give no light. To reduce background from poorly measured
7~’s below threshold, K~ candidates were also required to have momenta at least

two standard deviations above threshold.

Since K~ identification required a negative signature (no light) from the
Cherenkov counters, it was essential to obtain an accurate estimate of the “punch
through” contamination in the K~ sample produced by =~ ’s (or e™’s) failing to

produce light due to Cherenkov inefficiency. This estimate was derived from the



particles which did give Cherenkov light. The momentum distributions for neg-
ative particles from primary vertices of events in the =~ sample were examined,
and are shown in Fig. 4. These distributions were weighted, on a particle-by-
particle basis, by factors depending upon the Cherenkov efficiencies (€), which in
turn depended upon the particle momentum and hit position. The points on the
dotted curve corresponded to particles which produced light in at least one C,
and were weighted by the factor e~!. This distribution was taken to represent the
7~ (and e”) sample. The threshold near 2.6 GeV/c was clearly seen, and events
below this were presumed to be due to e™. Also in Fig. 4 (points on the solid
line) was the distribution representing those particles which gave no light in either
- Cy or Cy. This was corrected for efficiency by taking the difference between the
momentum distribution for all negative particles (whether giving light or not) and
the distribution described above. The sharp fall with increasing momentum near
threshold arose because the efficiency increased in this region. Above threshold,
this could be taken to represent the. K~ momentum distribution. The points on
the dashed curve resulted from plotting the momenta of the negative particles
giving light, weighted by the factor €=1(1 — ¢). This curve represented, therefore,
the punch-through contamination. Comparing this with the K~ distribution, it

was clear that above the 2.9 GeV/c cut, a rather clean K~ sample was separated.

In this way, a sample of 814 events was extracted, yielding 1,259 =~ K~
mass combinations shown in the distribution in Fig. 5. No clear resonant structure
was seen in this S = —3 baryon system. However, the mass distribution for
the Z-7F subsystems (Fig. 6) showed a strong =*°(1530) signal. Selection of
an enriched =*°(1530) sample (1510 < Mz-,+ < 1555 MeV/c?) resulted in the
E-K ™% mass histogram of Fig. 7. A clear signal (~ 4 standard deviations) at
a mass of approximately 2250 MeV/c? was apparent, and could be interpreted to
correspond to the decay of an *~ to Z*°(1530)K .

An estimate of the behavior of the non-resonant background beneath the =*°
peak in Fig. 6 was made using the events in the sideband regions defined by
(Mz-z+ < 1510 or 1555 < Mz-,+ < 1600 MeV/c?). The =~ K~ 7% mass distri-

bution for these events, normalized to the number of events under the Z*°(1530)



signal was plotted in Fig. 7 with solid dots. The striking absence of any peak near
2250 MeV/c? was a clear indication that the observed structure was associated

purely with =*°(1530).

In order to investigate the possibility that the effect arose from 7~’s being
misidentified as a result of Cherenkov inefficiency, a study was made using events
which were selected exactly as above, except that the “K~” tracks were required to
give light in either Cy or C2. All momentum requirements were as before, and the
tracks were still assigned a K~ mass. The =*°(1530)“ K ~” mass distribution that
resulted (Fig. 8), contrasted with the true K~ distribution, showing no structure
suggestive of a peak in the 2250 MeV/c? region. In addition to demonstrating that
~ the peak was not due to misidentified pions, this also showed that it was not a
kinematic effect due to the acceptance limitations placed upon the negative track
by the Cherenkov identification requirement. An estimate of the mass distribution
corresponding to punch-through was also obtained from these “K~” events by
plotting them, each weighted by a factor (1 —€)/e (where € was the 7~ Cherenkov
efficiency). This distribution, indicated by open dots in Fig. 7, showed that such
punch-through contributed negligibly to the signal.

The significance of the 2*~ signal was estimated from the background sub-
tracted =*°(1530) K~ spectrum in Fig. 9. This was obtained from the data of
Fig. 7 by subtraction of the =*° sideband distribution (black dots) representing

the non-=*° background from the data in the histogram.

The solid curve of Fig. 9 was the result of a fit to the data using the expression:

dN 1
=q
dM (M2 — M2)® + M2T?

with T =T, (%) (%) ,

where My and I'y were the 0*~ mass and width, respectively; ¢ (g,) was the K~

+c2+cesM

momentum in the rest frame of a Z* K~ system of mass M(My); and the ¢; were

fit parameters. The fit, which resulted in a x2 of 8.5 for nine degrees of freedom,



yielded Q*~ parameter values:

My = 2253 +13 MeV/c?
[o=81 438 MeV/c?

and a corresponding signal of 41.2 +10.2 events (~ 4.1 standard deviations). The
dotted curve represented the non-resonant background, and appeared to agree well

in magnitude and shape with the corresponding 7~ punch-through distribution.

4. THE Qztx— CHANNEL

The inclusive production cross section of Q= was only ~ 3% of that for =~

and the decay length was approximately three times smaller. These facts made
the separation of the 2~ events in reaction (2) somewhat less straightforward
than the selection of the == sample discussed above. All events considered as
17 candidates were therefore processed through a fitting procedure which was
designed to achieve the improvement in resolution of vertex positions necessary to
distinguish between those relatively rare events with genuine Q= topologies and
the more plentiful ones in which the A originated directly from the nearby primary
vertex. In this procedure, measured coordinates for an event were matched to an
1™ topological template in which constraints in 3-momentum conservation at
each decay vertex and in A mass were built in. The x? quality of this fit, and
the information it provided on both the 2~ track length and its uncertainty were
required to match criteria which, when added to a set of requirements similar to
those used to define the =~ sample, made it possible to identify a clean Q~ signal
which was seen in the AKX~ mass plot of Fig. 10. A total of about 600 2~ were in
the peak. In all, approximately 350 Q™ events, each with at least one + charged
track combination, were seen above ~ 9% background within + 10 MeV/c? of the

)~ mass, and were considered as candidates for reaction (2).

The Q™% 7~ effective mass distribution, shown in Fig. 11(a), showed evidence
for a strong signal at ~ 2470 MeV/c?. In making this plot, all combinations of
+ track pairs were included, as long as they were not inconsistent with a pion

identity with respect to the various particle identification devices. An estimate of



the background under this peak was obtained from the wrong sign combinations
Q- n%r*. These were plotted in Fig. 11(a) normalized to the sample outside the
peak region by a linear mass factor and indicate that the peak was more than five

standard deviations above this background.

An obvious problem in these events was that, because of strangeness conser-
vation, the existence of the 2~ implied that the positive track was likely to be
a K + The strong possibility existed, therefore, that the peak could be due to
production of a =*~ decaying to Q" K*x~. To investigate this possibility, the
combinations in Fig. 11(a) were also plotted with a K+ mass assigned to the posi-
tive track. This 7 K+x~ mass distribution, shown in Fig. 11(b), had no evidence
- for a peak, indicating that the =Z*~ interpretation was not correct. Other mass
hypotheses such as Q7 ete™, Q™K+ K~ were also studied, and failed to show any
significant peak structure, further suggesting that the signal was due to Q- xtz~

combinations.

In order to establish that the peak at 2470 MeV/c? corresponded to an § = —3
baryon system, it was essential to associate it with those events in which some
evidence of the identity of the 7% existed. The dotted distribution in Fig. 11(a)
contained events for which Cherenkov identification of 7+ was possible and showed
clearly that such information was of rather limited use. This contrasted with the
Q*~(2250) situation in which the Cherenkov counters gave important information
on an event-by-event basis of K~ identification. It was found, however, that for a
significant number of positive particles in reaction (2), information from either the
dE/dz or time-of-flight (TOF) devices was available, and some K/x separation
was possible. The momentum spectra of these particles was such that though
discrimination between K and 7 interpretations for individual events was possible

in only a few cases, a statistical analysis did provide effective distinction.

Clean samples of K* and 7% were selected with which to study the behaviour
of both dE/dx and TOF devices at various momenta. In Fig. 12, the AK~ mass

distribution from the tightly constrained reaction

K~ p— AK"K* (3)



observed in the present experiment showed a strong signal demonstrating that
baryon exchange production of =*~(1830) was present. These events were cho-
sen to provide a small, but very clean, sample of K~’s with TOF measurement
[Fig. 13(a)], and a somewhat larger, high purity sample of K*’s having dE/dz
information [Fig. 13(d)].

In Fig. 13(a), the difference (in standard deviations) between the TOF calcu-
lated under the kaon mass assumption, tﬁk, and the measured value, tyeas, was
plotted as abscissa, with K~ momentum as ordinate. The plot showed a vertical
band of points localized within ~ +2¢ of the origin, as would be expected for
a pure K~ sample. In Fig. 13(d), the abscissa was the natural logarithm of the
* kaon to pion probability ratio, P /Py, as derived from the induced cathode pulse
height signals in the cylindrical PWC’s [4]. In this plot, for momenta less than
~0.4 GeV/c, the kaon interpretation was clearly preferred; at higher momenta,

the distribution was a vertical band centered at the origin.

Figures 13(b) and (e) were similar TOF and dE /dz plots, respectively, for
negative primaries from our 2~ sample. These particles were almost certain to be
7~, with a very small contamination from e~. There was virtually no chance they
were either K~ or p. The distribution of Fig. 13(b) was confined almost entirely
to the region of positive abscissa, in contrast to that observed in Fig. 13(a).
Furthermore, when the expected TOF was re-calculated using the pion mass, the
distribution became a narrow, vertical band centered at the origin, demonstrating
that these negative tracks were almost entirely 7~ ’s, as expected. The dE/dz
data ih Fig. 13(e) for these particles also contrasted with the K+ population of
Fig. 13(b), and showed a clear bias towards negative abscissa at all momenta, as

expected for 7~

The plots for the positive primary particles from the Q~ sample, shown for
TOF and dE/dx data, respectively, in Figs. 13(c) and (f), could clearly be de-
scribed by a superposition of the two sets of plots discussed above. This agreed
exactly with what would be expected for an admixture of both K+ and #+. The
required separation of the 7% population could, however, be accomplished in each

case.



It was clear from Figs. 13(a) and (b) that the sample having positive abscissa
in Fig. 13(c) should contain almost all of the #*’s together with approximately half
the K*’s, whereas that with negative abscissa should also contain approximately
half the K*’s but only a small fraction of the 7+’s. In Fig. 14(a), the Q~xt 7~
masses were plotted separately for combinations containing 71’s from the above
two samples. The solid histogram corresponded to those Q-7+t~ combinations
for which the positive track was predominantly 7%, and indicated a signal similar
in position, shape and significance to that of Fig. 11(a). The dashed histogram,
constructed from positive tracks from the left side of Fig. 13(c) showed no evi-
dence of a signal. This showed that the signal was associated with genuine 7+ 7~
- pairs. Furthermore, in the difference between the solid and dashed histograms of
Fig. 14(a), the contribution from misidentified K*’s should cancel, within statis-
tics, thereby yielding a “net TOF-identified #%” distribution. This distribution

also constituted one contribution to the histogram of Fig. 14(b).

A second contribution to Fig. 14(b) was obtained by following a similar pro-
cedure with regard to the dE/dz distributions. It was clear from Figs. 13(d) and
(e) that the positive particles in Fig. 13(f) could be split into a sample which
was predominantly K+ in the region with momenta below 0.4 GeV/c and posi-
tive abscissae, and the remaining sample which was predominantly made up from
7F. In the latter sample, the K contamination would be distributed approxi-
mately symmetrically about the ordinate axis. Subtraction of the distribution of
Q™ 7mt7~ mass combinations formed with positive tracks in this sample with pos-
itive abcsissae from the corresponding distribution with negative abscissae could,
therefore be taken to represent the “net 7+” distribution. This was found to con-
tain a signal with 10 more events in the 2470 MeV/c? region, and was added into
Fig. 14(b) giving an aggregate signal which contained approximately 60% of that
in Fig. 11(a). The remaining 40% of the signal came from combinations in which
the positive track missed both the TOF and dE/dz systems. No combinations
were found in which both TOF and dE/dz identification of the 7+ was made.

In addition to establishing the identity of the n+, the Q*~ hypothesis for the
peak in Fig. 11(a) also required that the system had isospin (I = 0). This, in turn,

10



required that the #t7~ also be in an I = 0 state. The effective mass distributions
M+ .- in Fig. 15 indicated a broad, structureless form concentrated at low mass
values for events in the Q™7 7~ peak region [Fig. 15(b)] as well as in the low
and high side bands (Figs. 15(a) and 15(c), respectively). In particular, no clear

evidence for p° (I = 1) was seen.

A large Monte Carlo sample of events corresponding to production of an
Q7 7~ system in this mass range was generated, with the simulated dipion
system in an s—wave. Recoil mass and transverse momentum distributions of
the @77~ systems were produced to simulate the data as closely as possible.
These events were then subjected to the identical analysis to the data, and curves
~ indicating the dipion mass shapes were drawn, suitably normalised upon the dis-
tributions in Fig. 15. This s—wave behaviour clearly described the data well,
indicating therefore a predominance of I = 0 in the Q~#+7~ peak region, and

providing further evidence of 2*~ production.

A fit to the Q7+~ mass distribution in Fig. 11(a), similar to that for the
E* K~ plot, led to a mass of 2474 £ 12 MeV/c? and a width of 72 4 33 MeV/c?
for this 2*~. This is shown in Fig. 16. The acceptance of LASS was computed
using the Monte Carlo event sample discussed above, and the cross section for
inclusive production of *~(2470) from 11 GeV/c K ~p interactions with decay to
Q~7t7r~ corrected for unseen charge modes was determined to be 290 + 90 nb.
A similar computation was made to determine the cross section for production
of the 2*7(2250) with decay to =*°(1530)K~, also corrected for unseen charge
modes. The result was 630 & 180 nb.

5. DISCUSSION

Evidence for 2*~ production has been reported in only one other experiment.
Using a charged hyperon beam from the CERN SPS, WA42 observed a significant
signal at 2251 MeV/c? and a further, less compelling signal at 2384 MeV/c?, both
in =-K—r+ systems from 116 GeV/c = Be collisions™ In the same experiment
no clear evidence for structure in the Q= nt 7~ system was seen'” A comparison

of data between the two experiments is given in Table I below.

11



Table I. Summary of Q*~ data.

LASS E135 SPS WA42
Reaction K7 p @11 GeV/c = Be @ 116 GeV/c
State 1:
M, (MeV/c?) 2253 + 13 2251 + 12
[ (MeV/c?) 81 =+ 38 48 £20
Events in signal 4 +£11 78 +23
Decay modes =*°(1530) K~ EK- /="K~ nt
dominant. =0.7+£02
=K nt/E*K~
< 0.2(90%c.1.)
State 2:
M, (MeV/c?) 2474 £ 12 not observed
Ly (MeV/c?) 72 £33 "
Events in signal 52 £ 10 K
Decay modes observed Q- 717~ >0.075 K
State 3:
M, (MeV/c?) not observed 2384 £ 12
Ty (MeV/c?) ” 26 + 23
Events in signal ? 45 + 10
Decay modes observed ” =-K* /="K~ rn*t
=05+03

In making comparisons between the two experiments, we note that in addition
to considerable differences in acceptance, the very different nature of K~ p and
=7~ Be production mechanisms forces us to conclude that no conflict exists with
respect to signals observed. In particular, the 2*~(2470) observed as a five stan-
dard deviation effect in LASS, but not in WA42, could be explained as a difference

in observable cross section. A similar conclusion might be made for the signal in

12



=~ K*°(890) seen by WA42 and not LASS.

Evidence for at least one state near 2250 MeV/c? appears to be very solid.
Both E135 and WA42 observed signals with similar mass and width values, and
in both cases a significant =Z*°(1530) K~ decay mode was evident. However, it is

somewhat speculative to equate the states seen, since:

e The two experiments differ somewhat in estimated three body =~ K -7+

decay rates;

o Neither experiment was able to identify the J¥ of states observed since
both were subject to acceptance and statistical limitations imposed by K~

identification criteria

and finally

e Several states near this mass are expected in the Z*°(1530) K~ decay mode.

Predictions for excited 2~ states exist. Most obviously, the known A and ¥
baryon spectra have led to the expéctation of several such states. For example,
pairing up the six best established A’s with ¥ states having the same spin-parities
and using the Gell-Mann-Okubo equal spacing rule, leads to 2~ baryons, at:

~ 2000 £ 100(MeV/c?)  (1/27)
~ 2200 + 50(MeV/c?) (7/2%, 1/27)
~ 2400 £100(MeV/c?)  (1/2%, 5/2%, 3/27)

A calculation using a ¢—q interquark potential A+ Br%! with A and B derived
from the meson spectrum has been made by J. M. Richard By including spin-
spin forces, he computed, in addition to the ground state (3/2%) Q~ at 1672
MeV/c?, the expectation of radially excited 0~ states at:

2244 (MeV/c?) (3/2%)
2358 (MeV/c?) (1/2%, 3/2%, 5/21)

The most detailed prediction of the 2~ spectrum, and of the expected decay
rates was made by Chao, Isgur and Karl (CIK).” This model included elements

13



of QCD and confinement in describing flavor-independent ¢ — ¢ forces in a simple
harmonic oscillator potential. Parameters in the model were determined from
other sectors of the baryon spectrum and decay rates. Orbitally excited states

with masses above 2100 MeV/c? were predicted at:

2020 (MeV/c?) (1/2—, 3/27)
2225 (MeV/c?) (5/2%)
2265 (MeV/c?) (3/2%,5/2%)

However, no radial excitations were calculated.

It is interesting to observe that the two states at 2265 MeV/c? were predicted
to have predominant decay to =*°(1530)K ~. Obviously, without measuring JZ,
however, spectroscopic assignment of the signals seen in this system in both the

LASS and WA42 experiments is not possible.

The Q*~(2470) has a mass above the range computed in Ref. 9. This fact
alone suggests it is a radial excitation. Further evidence supporting such interpre-
tation might be found in the large Q~7nt7~ decay mode observed, and the lack
of any evidence for a two-body decay, for instance, to =*°K~ or =~ K*°. The
decay branching ratio to Q™7 x appears to be at least 7.5%. The cross section we
observed, corrected for the unseen Q= 7°7°, was 290 nb; while the inclusive cross
section for 27 production at this energy was 3.9+0.6 ub.ls] A large decay to dipion
states has been a recognized characteristic of radially excited states in both K*
and quarkonium systems. The suppression of two-body decays relative to such
modes is expected, under certain circumstances, on the basis of the dynamics of

radially excited quark systems"

The lowest 2~ excitations expected have masses below 1900 MeV/c?, and have
yet to be observed. Within the framework of the CIK model, they are expected
to decay mostly to 2~ K° or =°K~. For states below 1808 MeV/c?, decay to Qv

would be most likely. None of these modes is easily accessible to either LASS or
to WA42.

14



SUMMARY

Excited 2~ states at 2250 and 2470 MeV/c? have been seen in LASS. The
former state may also have been seen in experiment WA42 in an entirely different
production reaction. Some evidence exists that *~(2470) is a radial excitation.
This state was not seen in WA42. No evidence for 2*7(2380) reported by the
WA42 collaboration has been seen in LASS data. The experimental situation is
not yet completely satisfactory. In particular, the lowest )~ excitations have not
yet been observed since statistically significant samples of events containing =K
and Q7 systems (the expected decay modes) have been too difficult to accu-
mulate. Also, more data are still required to corroborate evidence for Q*~(2470)
~ and 2*7(2380), and to make J¥ measurements necessary in making spectroscopic
assignments. Nonetheless, almost 30 years after the discovery of the 7, the data
presented here have been able to show clearly that excited 9~ states do indeed

exist.
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FIGURE CAPTIONS
The LASS Spectrometer.

Basic V™ event topology. Solid lines indicate tracks required in the primary
selection process described in the text.

. Distribution of the A7~ effective mass for events selected as == candidates

as described in the text.

Momentum distributions for three classes of negative charged particles pro-
duced in conjunction with =7’s. The curves are drawn to aid in distin-
guishing the three classes. The solid line indicates those tracks which gave
no Cherenkov light; the dotted curve connects data points for the tracks
which did give light. The latter data are weighted by a factor e, where €
is the momentum dependent Cherenkov efficiency. The dashed line shows

the same data plotted instead with a weight e71(1 — ¢).

Distribution of ==K~ nt effective masses for all 1,259 combinations. The
dashed histogram contains events outside the =*°(1530).

Distribution of Z~ 7t effective masses for 814 events with both a == and a
K~. The limits used to define both =*°(1530), and the control regions on
either side are marked by arrows.

Distribution of Z~ K~ r* effective masses for events having both a K~ and
E~nt mass in the range 1510 < Mz-,+ < 1555MeV/c? (outer histogram);
or in the control bands defined by Mz—,+ < 1510 or 1555 < Mz-.+ <
1600MeV/c? (solid dots). The open circle distribution is for events with
Z7 7" mass in the former range and a negative track giving light in either
Cj or Cy. In this distribution, each event is weighted by the factor (1 —¢)/e,
in which e is the Cherenkov efficiency.

Distribution of ==K~ 7t effective masses for events with a -zt mass in
the range 1510 < Mz-,+ < 1555 MeV/c?, and a negative track giving light
in either Cy or Cy with a K~ mass assignment. This sample contains no
events contributing to the outer histogram in Fig. 7, but when each event
is weighted by the factor (1 — €)/¢, yields the distribution with open circles
in that figure.

Background subtracted =*°(1530) K~ mass distribution.

The AK™ mass distribution for the inclusive Q™ events; the solid histogram
corresponds to those events having at least one pair of oppositely-charged
primary vertex tracks consistent with a 777~ interpretation; the dashed
curve is for all events. The curve is a fit to the resolution function, deter-
mined from a Monte Carlo sample, with a linear background.

(a) The inclusive Q= 77~ mass distribution for those events within +10
MeV/c? of the nominal 2~ mass in the solid histogram of Fig. 10; for the
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Fig. 12.
Fig. 13-

Fig. 14.

Fig. 15.

Fig. 16.

7% tracks, any available particle identification information was required to
be consistent with the pion mass assignment. The dotted histogram cor-
responds to Cherenkov-identified 7 1’s. The dashed histogram represents
the Q~n*x* distribution weighted as described in the text. (b) The mass
distribution obtained from the solid histogram of Fig. 11(a) when the =+
track is given the K* mass.

The AK™ effective mass from the reaction K™p - AK+tK—.

(a)-(c) The momentum dependence of the difference between time-of-flight
calculated on the assumption of the kaon mass (tX ) and the measured
value: (a) for K™’s from reaction (2); (b) for negative; (c) for positive
primary tracks produced in association with an Q~; (d)~(f) the momentum
dependence of the natural logarithm of the kaon to pion probability ratio
for tracks having dE/dz information from the cylindrical PWC package
surrounding the target: (d) for K+’s from reaction (2); (e) for negative, and
(f) for positive primary tracks produced in association with an Q.

(a) The Q~7"7~ mass distribution corresponding to those 7+ tracks hav-
ing TOF information such that tgjc > tmeas; the dashed histogram is for
those having tg.lc < tmeas; (b) The Q@ 7+ 7~ mass distribution for the “net
identified 7+ ” sample described in the text.

Distributions of 7+x~ effective mass in three Q=7 7~ mass ranges: (a) be-
low; (b) in; (c) above the peak at ~ 2470 MeV/c2. The curves are from
Monte Carlo data with purely s—wave dipion systems.

The histogram is the solid histogram of Fig. 11(a); the curve is obtained from
a fit using an S-wave Breit-Wigner line-shape plus a polynomial background
(dashed curve); the resulting mass and width values are as indicated.
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