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production was studied in the reaction K +p K, y ~+X at 5 GeV/c. The slow
E was electronically detected, while the X was observed as a missing mass, thus al-
lowing for observation of all - * independent of decay mode. The observed states were
-(1320), - (1530), (1820), - (2030), - (2250), - (2370), and - (2500). These data establish
and confirm the existence of (2250) and indicate a peculiar production-cross-section
behavior for the ~(2370).

PACS numbers: 14.20.Jn, 13.75.Jz

In comparison with baryons of strangeness 0 or
—1, very little is known about -" or states. An
earlier attempt to understand the baryon spectrum
in a semiempirical QCD model l.eads one to ex-
pect at least 30 =* states' with masses below 2300
Me V/c'. The SU(6) S O(3) classif ication of three-
quark baryons' includes the - (1317) and:"(1530)
in the [56,0 ] ground state, but apart from that,
no other 8 =- 2 baryons have been classified.
Somewhat confusing, unconfirmed experimental
evidence does exist for:"*'swith masses at 1630,
1680, 1940, 2250, 2370, and 2500 MeV/c', though
some of these are most likely no more than sta-
tistical fluctuations. ' Good evidence for states at
1820 and 2030 MeV/c' has also been found in sev-
eral experiments. However, the parity of the
1820 and the spin and parity of the 2030 are not
known which precludes their unambiguous classi-
fication in any scheme.

Much of the reason for this situation is that the
majority of the data on:"* resonances are from
low- sensitivity bubble-chamber experiments. In
the present experiment, we make use of electron-

ic techniques to study the baryon exchange reac-
tion

K +P-K, ),„'+X at 5 GeV/c,

in which we require only observation of the K'.
The -"* states are included in X and detectability
problems of the decay products are completely
avoided. Furthermore, the overall sensitivity,
including detection efficiency for the &', and the
choice of beam momentum at a point to maximize
quasi two-body production of -"* in the 2-GeV/c'
mass range provide an excellent opportunity to re-
examine earlier claimed resonances.

The data were obtained at the Brookhaven Na-
tional Laboratory multiparticle spectrometer
(MPS). Several prior publications give details of
other aspects of this experiment and the MPS.4

Figure 1 shows the MPS where the target was 60
cm of liquid hydrogen and the magnetic field was
5 kG. Detectors && and && identified & mesons
with momenta between 200 and 550 MeV/c and
triggered the MPS. The active area of the A' de-
tectors was 60 & 100 cm' for E»' and 110& 140
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FIG. 1. MPS (top view). K~ and K~ are K+ detec-
tors, single lines are proportional multiwire cham-
bers, and rectangles are spark chambers.
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cm' for K~. The detection of a &' was accom-
plished by stopping the &' and observing the de-
cay products 8 to 50 ns after the stop. Each &'
detector had eight layers of 1-cm-thick brass
plates and, sandwiched between them, segmented
scintillators that detected forward and backward
decays. Since the ratio of & to charged particles
incident upon K& and K~ was less than 1/l0 000,
some pions and protons also triggered the E' de-
tectors. An extensive software package was de-
veloped to use analog-to-digital and time-to-digi-
tal convertor information to clean up the data.
For each stopping particle the range (from the K'
detectors) and the momentum (from the spectrom-
eter) were used to calculate a mass, as shown in
Fig. 2. Mass cuts around the K' peaks yield rea-
sonably pure samples of R' events. Jenkins' gives
details of this experiment.

Figure 3(a) shows the Monte Carlo-computed
acceptance of each detector under the assumption
of an exp(3u) distribution for K' production. To
obtain the best resolution in missing mass, the
range and spectrometer information were simul-
taneously fitted to obtain the &' momentum. The
final missing-mass resolution varies from event
to event, but generally is better for higher miss-
ing masses. Figures 3(b) and 3(c) show the miss-
ing-mass spectra. The two detectors have very
different geometrical acceptances and resolutions;
therefore, the plots are shown separately. The
background curves are simple polynomial distri-
butions.

Figures 3(b) and 3(c) have a number of enhance-
ments above the background. Gaussian peaks,
representing the resonances, were superimposed
on the background curve and were fitted to the
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FIG. 2. Mass of particles impinging on Ã+ detec-
tors. Arrows show mass cuts. Mass is computed
from range and curvature.

missing-mass spectrum. The widths of the Gaus-
sian functions are due to the resolution rather
than the resonance widths. The background
curves are in agreement with the computed phase
space times acceptance. Table I summarizes
masses, widths, and cross sections obtained from
a fit to our data. The peak of events at 4.4 (GeV/
c'.)' in the &„ sample IFig. 3(b)] is due to the
crossover of the rising phase space and the fall-
ing acceptance. The fit of this peak is very sen-
sitive to the choice of parametrization of the
background curve. The resonances observed are
insensitive to the details of background curve.
From Table I, it is evident that all the masses
and cross sections. determined from E& are con-
sistent with those from &~. The resonance widths
differ in the manner expected from our resolu-
tion. Table I also includes the result of combin-
ing both sets of data, and shows the existence of
five bumps with a significance of more than 3
standard deviations.

An indication of a true -" resonance is that its
cross section varies in a reasonable manner as a
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function of incident K momentum (P~, b), and
that its decay modes are consistent at a variety
of P~, b values. An empirical relationship for the
variation of two-body production in the reaction
K P-"*K' js
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FIG. 3. Missing mass squared {X) for K +p K+
+X. (a) Acceptance. (b) Kz, cross hatched areas
are events with detected A-p~. (c) Kz. Smooth
curves in (b) and (c) are fits to background plus reso-
nances.

v =AP), b
"

with & -3.o to 3.5.' A source of data for such re-
actions comes from the CERN 4.2-GeV/c bubble-
chamber experiment. " Table l also lists the
computed cross sections using & =3.5 and shows
that there is good agreement with our measure-
ment for all the well-established = states.

Many experiments have observed the four well
established states =(1317), (1530), +1820), and
-"(2030).' The downstream MPS detectors enabled
the detection of A's associated with some of the
events, and helped in verifying that the bumps
indeed behave like particles. The =(1317),
:-(1530), and (1820) have &'s in over 95Vo of
their decays. A selection is indicated in the
shaded region of Fig. 3(b), and in fact, about 50'%%uo

of the events in these three peaks have a detect-
ed A, consistent with the observation probability
of the A.

=(2030) is not observed in the cross-hatched
area in Fig. 3(b), as expected, because it decays
predominantly to &K where only 20'fo have a de-
tected A. The difference in cross section for the
:-(2030) between K~ and Ks is attributed to statis-
tical fluctuations. No ~ selection is presented

TABLE I. Reported = states are listed in column 1. The PDG (Particle Data Group) status (Ref. 3) is listed in
column 2 (4 means well established, 1 means weakly established). FWHM are the detector resolutions. The cross-
section errors are statistical first and systematic second. An extrapolation of the K p K+ - * cross sections
from the 4.2-GeV/c experiment is in column 9 (0«&zpp) The last column has the weighted average cross sections
for (1820) and - (2030) and the best value from either detector for the other states —errors are statistical only.
The upper-limit cr 's are 95% confidence level.

Mass FTHM
State PGD (MeV) (Me V)

Mass
(MeV)

KB
FWHM
(Mev) ( p, b)

+extra p
(pb)

K~ and/or K~
CT Mass

(p, b) (MeV)

=(1320)
=-(1530)
- (1630)
=(1680)
=(1820)
- (1940)
"„-(2030)
„--(2120)
=(2250)
=(2370)
=(2500)

2218+ 6

4 1320+ 6
4 1541+12
2
2
3 1823+ 6
2
3 2022+ 9
1
1
2
2

158
106

49

7.2+ 0.6+ 0.6
2.8+ 0.6+ 0.2

& 1.Q
3.4+ 0.6+ 0.3

& 1.3
1.1+ 0.6+ 0.1

& 1.1
2.0+ 1.0+ 0.2 2197~ 12

2356 + 10
2505+ 10

32
36
36

1813+ 15 92

2022 + 12 63

2.7 +
& 0.8

2.1+
& 1.4

1.0+
0.9+
1.0+

7.4
2.7

0.7+ 0.2 3.0

0.5 + 0.2 1.5

0.3+ 0.1
0.3+ 0.1
0.5+ 0.1

7.2 + 0.6 1320+ 6
2.8 + 0.6 1541+ 12

& 1.Q
3.1+ 0.5 1822 + 6

& 0.8
1.7+ 0.4 2022+ 7

& 1.1
1.0+ 0.3 2214 + 5
0.9+ 0.3 2356+ 10
1.0+ 0.5 2505+ 10
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for the E& sample because for these data the prob-
ability of A detection is less than 25%.

The =(2250) resonance has a checkered history
and Roos et aI. classify it as a weakly estab-
lished" state. ' It was reported by experiments"
with sensitivities of 4 to 12 events/pb and at
masses varying from 2240 to 2295 MeV/c' and
widths varying from 50 to 130 MeV/c'. A more
recent result at 6.5 GeV/c with a 46-event/wb
sensitivity" did not observe this resonance.

Our experiment observes the =(2250) resonance
in both the R& and E& samples. In the && sample,
the significance of the signal is 3.2 standard de-
viations. Also, the peak observed in the E& sam-
ple is consistent with the &~ data. Thus, our ex-
periment enhances the status of the =(2250) reso-
nance.

A clear:"(2370) signal exists in the data, and
could be associated with the 6cr peak in E p at
8.25 GeV/c. " Somewhat weaker evidence for
this state was also presented in the K p experi
ment at 6.5 GeV/c. " Our data, however, rule
out the interpretation of the effect seen at 8.25
GeV/c as an ordinary -"* state. The reaction

K p- -"(2370)* K' at 8.25 GeV/c

has a measured cross section of 1.1+ 0.3 p, b. As
noted above, for most ™*states, the -"* &' two-
body reaction has a cross-section dependence of

P)zh with & -3.5. At P), g-—5 GeV/c the two-
body cross section, including u;„effects, is
close to the peak for production of -=(2370). On

the basis of the 8.25-GeV/c data it is therefore
expected that a cross-section value of at least
6.3+1.7 pb be observed, while in fact we ob-
serve only 0.9+ 0.3 pb. In view of this discrepan-
cy, it appears that the =(2370) reported earlier
is not a normal:" resonance and does not seem to
be produced via normal baryon exchange.

ln conclusion, new evidence for =(2250) has
been presented. New evidence is also presented

on the =(2370), confirming the existence of this
state. However, the two-body production cross
section compared to the 8.25-GeV/c result forces
the conclusion that this is not an ordinary =*.
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