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ABSTRACT 

Large samples of inclusively produced 8-, n- and H’(l530) events are pre- 
sented from a 1427 ev/pb exposure of the LASS spectrometer to an 11 GeV/c 
K- beam. Production characteristics of these states are compared with other 
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E-(1820) + 8” (1530)7r- d eta y is observed, while we fail to confirm the existence 
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1. Introduction 

Very little data on the inclusive production and decay characteristics of 

baryons with strangeness -2 or -3 have been reported in the literature. K-p 

interactions have been studied at a variety of momenta from 4.2 to 16 GeV/c1’-71 

to reveal 8- inclusive characteristics, but detailed studies of 8” (1530) produc- 

tion data have been made only at 4.2 GeV/c;l’l at 8.25 GeV/c;W and, with very 

limited statistics, at 10 and 16 GeV/c.13] The only study of n- inclusive pro- 

duction has been at 8.25 GeV/c.121 Each of these sets of data have come from 

bubble chamber experiments where the complex event topologies involved were 

readily recognized. Previous counter experiments have isolated large samples of 

E- and s2- particles, but have mainly concentrated in studying either an entirely 

different production mechanism from hyperon beam interactions with protons 

and deuterons,181 or their weak decay modes,lg-L31 and some discrepancies exist 

amongst these large experiments over the value of the 8- --) AK- decay asym- 

metry parameter. 

In this paper, we describe results from the first phase of an on-going study 

of data including the three hyperon production reactions: 

K-P + H- 
+ it- 
--+ HO(1530) 

+ anything (12,550 events) 
+ anything (96 events) 
+ anything (1,110 events) 

(1) 
(2) 
(3) 

using the LASS spectrometer.1141 The raw exposure for the data presented here 

was 1427 ev/pb, and after including the effects of the average acceptances for 

these reactions-about 10% for 9-, 5% for n- and Ho (1530)-compares fa- 

vorably with the largest of the bubble chamber experiments (with a reported 

exposure of 150ev/pb) in which samples of 8121 B-, 2772 8” (1530), and 67 n- 

were accumulated.12] 

The data presented here were accumulated by the LASS spectrometer equipped 

with spark chambers as vertex detectors and represent about 10% of the total 

2 



accumulation of such events. The remaining data, not reported here, were taken 

after a major upgrade in LASS to replace spark chambers by proportional wire 

chambers with a resolution approximately three times better. These latter data 

are presently being analyzed, and will be published later. Our experiment is 

outlined in Section 2. Reconstruction and isolation of clean samples of the above 

reactions was a difficult experimental procedure, which is described in detail in 

Section 3. The remaining sections present the results of the analysis. The cross 

sections are discussed in Section 4, our measurement of weak decay parameters 

for the a- in Section 5, and the results of a search for strange baryons in Section 

6. 

2. Description of the Experiment 

The experiment was performed in an 11 GeV/c RF separated K- beam 

directed at the LASS spectrometer(141 at SLAC. Details of the experiment have 

been given elsewhere,l’5l and are only briefly reiterated here. Scintillation counter 

hodoscopes and 10 planes of proportional wire chambers with 1 mm wire spacing 

were located in the beam to measure the momentum and trajectory of the incident 

kaon. 

The- LASS spectrometer is shown schematically in Figure 1. It consists of a 

large superconducting solenoid vertex detector followed by a dipole spectrome- 

ter. The 23 KGauss solenoid field is parallel to the horizontal beam direction 

while the dipole field has a dominant vertical component with a field integral 

of 30 KGauss - meters along the beam axis. Interaction products which have 

momenta 2 3 GeV/c and which are not produced too close to the beam axis are 

effectively measured by the solenoid while particles with momenta k 1.5 GeV/c 

close to the beam line are momentum analyzed in the dipole spectrometer. 

The 91.6 cm long, liquid Hz target was situated on the axis of the solenoid 

and was surrounded by an inner cylindrical proportional wire chamber (PWC) 

and five outer cylindrical capacitive-diode readout (CD) spark chambers arranged 
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co&ally, each having two spark gaps and providing three coordinate measure- 

ments. The region downstream of the target was instrumented with planar CD 

chambers, P WC planes and three segmented cathode readout foil chambers. The 

spark gaps were deadened in the high flux region around the solenoid axis because 

of their relatively long memory time. These deadened regions were overlapped 

by PWC’s with 1 mm wire spacing and 26 by 26 cm active areas. 

The dipole spectrometer, located downstream of the solenoid, consisted of 

a set of eight PWC planes, two CD spark chambers and two magnetostrictive 

readout (MS) spark chambers upstream from the dipole electromagnet; and four 

MS chambers, one PWC plane, and two segmented scintillator hodoscopes down- 

stream of the dipole. Each MS chamber had two spark gaps and provided four co- 

ordinate measurements. Particle identification was provided by a large threshold- 

Cerenkov counter (Cl) which filled the downstream aperture of the solenoid; a 

%&segment circular time-of-flight (TOF) array in the solenoid; and by a large, 

threshold-Cerenkov counter (C2) downstream. 

The very loose trigger, which essentially required two or more charged parti- 

cles to emerge from the target, had almost complete acceptance for the events of 

interest here. An event was recorded if it had: 1) a well-measured incident kaon; 

2) no particle remaining in the beam at the end of the spectrometer; 3) two or 

more hits outside a 3.2 cm square beam hole in the full aperture proportional 

chamber (7’1 in Figure 1) located 54 cm downstream of the target, and; 4) at least 

one TOF hit. Additional triggers were mixed with the event trigger to provide a 

sample of events to study the spectrometer performance. 



3. Sample Selection 

3.1 PRELIMINARY EXTRACTION 

Isolation of our H- and Tt- data samples is summarized in Tables I and II 

respectively, and described below. A total of 40 million triggers were recorded on 

tape. All events were processed through a preliminary analysis program whose 

major functions included track finding (grouping of the various coordinate read- 

outs into tracks); track fitting (assigning momenta, etc); beam track reconstruc- 

tion; and topology testing. Primary output from this program for each event then 

included a list of tracks with estimates of their momenta, and possible topological 

assignments relating tracks to production and decay vertices. The topology of 

interest to this study is illustrated in Figure 2. We also reconstructed events hav- 

ing an additional, visible K” decay. The p and 7~ from the A decay were required 

to have an effective mass 1.10 5 A&- 5 1.13 GeV/c2 at their point of closest 

approach and to point back to a negative track giving a An- effective mass in 

the range 1.2 to 1.4 GeV/c2 for a E- candidate, or a AK- mass between 1.6 and 

1.8 GeV/c2 for an fI- candidate. The lengths of the reconstructed A, K” and B- 

(or n-) connecting tracks were required to be at least 2 ems. The V- candidate 

track is typically rather short and, indeed , a- and n- particles have lifetimes 

such that they usually decay within the target volume. However, to reduce the 

large background from events with no real B- or n-, the V-connecting length 

was also required to be 2 ems. These loose criteria defined 405,000 preliminary 

candidates for the 8- and n2- topologies which were extracted for further study. 

After these requirements, the AT- effective mass distribution, shown in Fig- 

ure 3, showed a clear a- signal. A fit to this mass plotl16] gave an estimated 

B- signal of 21,000 f 250 above 30,000 background. However, because of the 

large remaining background, there was very little clearly observed n- in the 

corresponding AK- mass spectrum. 
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Table I 

Selection Criteria for V- Candidates 

Total Signal/Background* 

Events in 8- Range 

Left 1310 < MA,- < 1332 MeV/c’ 

Total triggers in experiment 

Primary Analysis indicates V- topology is poeeible 

40 x 106 

405,000 21,002/29,773 

Multi-vertex fit with confidence level 2 10s6 I 184,960 I 17,942/13,786 I 

1.2 5 MA,- I 1.4GeV (a-) 

1.6 5 MA,- I 1.8GeV w-1 109,940 17,942/13,786 

Vertices correctly ordered after fitting 81,993 17,767/10,735 

Vertices within fiducial volume 77,959 16,387/ 9,669 

All tracka in time where determined 77,905 16,380/ 9,647 

con&tent with 

particle identification 

67,997 15,859/ 7,825 

55,200 (n) 

I E- (or fl-) production I 65,213 
I 

15,573/ 7,292 
I 

kinematically possible 

Length of V- > 5cms 

52,852 (n) 

22,841 12,553/ 963 

2,304 (n) 

* Estimated from fits to mass distributions. 
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Table II 

Additional fl- Event Criteria 

Requirement Number Remaining Signal/Backgroundt 

1.657 5 MAK 5 1.687 

Length of V- > 5 ems and > 4a 2,304 - 

Event ia not 8- 

Confidence levels for both geometrical 
and A maea constrained fits 2 2% 

Cosine helicity > 0.475 

fI- < 3.5 decay lengths 

1,758 - 

882 - 

579 125/115 

501 96180 

t Estimated from fits to mass distributions. 

3.2 GEOMETRIC CONSTRAINTS 

The considerable backgrounds in these distributions resulted, primarily, from 

the fake V-‘s produced by combining A’s with the large number of negative tracks 

available at the primary vertex. This problem was made more difficult because 

the spark chamber resolution was typically about 1 mm, and tracks near the 

vertices were often overlapped. In an attempt to improve the vertex resolution 

and hence to allow a cleaner V- selection, all events from the samples described 

above were subjected to two multi-vertex fits, using all measured coordinates. 

The first constrained all tracks from a common vertex to emerge from a single 

point, and required the reconstructed A, K” or E-(Cl-) tracks to have 3-momenta 

such as to correctly connect their beginning and ending vertices. In the second 

of these fits, the effective mass of the V” from the kink was constrained to be 

that of the A. Only events in which at least one of these fits was obtained 

with a confidence level greater than low6 and vertices correctly ordered and in 

acceptable fiducial volumes were considered further. 
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3.3 PARTICLE IDENTIFICATION CUTS 

Another major source of background arose from 7 + e+e- or K” -+ 7r+7rT- 

mistakenly identified as A’s. Many such cases were removed with the help of 

the particle identification devices. For instance, events with a proton (from an 

assumed A decay) or K- (from an assumed n- decay) producing light in Cr or 

C2, or having times of flight more than 6 standard deviations from those expected, 

were rejected. Likewise, events with identified protons from the production vertex 

were removed. Conversions of 7 + e+e- were readily identified by the fact that, 

for such events interpreted as A -+ r-p the cosine of the angle between p and A 

in the A rest frame peaked sharply at values above 0.97. 

3.4 FINAL SAMPLES 

After these cuts the E- signal (15,570 f 150 events above 7,300 background) 

was very clear in the An- mass plot (shaded in Figure 3). Our final H- sample 

shown in Figure 4 resulted from requiring a H- track length of at least 5 ems. 

The fit shown indicated that the peak contained 12,550 f 130 events above 

960 background,l16l and that the 8- mass (with resolution of 3 MeV/c2) was 

1321.4 f 0.1 MeV/c2, in excellent agreement with the World average.l171 

Because of the much smaller n- production cross section, more stringent 

geometric requirements were enforced to further reduce the background. Figure 

5 shows the AK- mass distribution when the V- fitted track length was at least 

2 ems; when E- candidates were removed; and when both multi-vertex fits were 

required to have a confidence level greater than 2%. The signal contained 143 f 

25 events, with a background of about 420 events. To obtain our final nt- sample, 

two further selections were made. First, we required the V- decay length to be 

greater than 5 ems and less than 3.5 iz- lifetimes. We also required that the V- 

decay point be removed by at least four standard deviations from the primary 

vertex. Second, events for which cosB-the cosine of the angle between A and 

(AK-) in the (AK-) rest frame-was greater than +0.475 were removed. This 
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cut removed both the fake background events with small AK- laboratory opening 

angle where the V- track length was poorly measured as well as the remaining 

E- signal in an unbiased way. The final sample shown in Figure 6 contained 

96 f 15 iz- events above 80 background. The fitted AK- mass resolution was 

4 MeV/c2, and the n- mass was 1672.2 f 0.2 MeV/c2, in agreement with the 

World average.l171 

3.5 BACKGROUND SUBTRACTION 

All following plots use background subtracted data samples. In defining these 

samples, events were chosen which lay within f 22 MeV/c2 of the H- (& 30 

MeV/c2 of the n-) in AK- (AK-) effective mass. Those events outside f 11 

MeV/c2 for the B- or f 15 MeV/c2 for the n- were weighted negatively so as to 

subtract the effects of background under the respective peaks. These subsamples 

of signal and control band events are, respectively, line-shaded and dotted regions 

in Figures 4 and 6. The distribution of (Z-r+) effective mass combinations made 

in this way is shown in Figure 7 in the low mass region. A clear E” (1530) signal 

is seen which has a fitted mass and width (not correcting for the resolution of 6 

MeV/c2) of 1532.1 f0.4 and 17 f 1 MeV/c2 respectively. It contains 1244 f 50 

events above background. Our 8” (1530) sample was chosen from a mass band 

f 40 MeV/c2 from 1532 MeV/c2, where events outside the f 20 MeV/c2 range 

were used for purposes of background subtraction. 

4. Cross Sections 

4.1 MONTE CARLO SIMULATION 

In order to compute the total acceptance of the spectrometer, including the 

reconstruction program and the above selection criteria, a large number of events 

corresponding to E-, n- and B” (1530) production were generated (the “thrown” 

Monte Carlo sample), and subjected to a computer simulation of conditions in 
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the experiment and hardware including software requirements. Those surviving 

(the “passing” Monte Carlo sample) were an indication of the overall acceptance 

for production and decay of these particles. In this process, for example, “raw” 

data similar to that from a real H- event would be simulated by computer prop- 

agation of all associated particles, from their appropriate vertices, through the 

known magnetic field and geometric arrangement of detectors in the LASS spec- 

trometer. A fake set of coordinates in the tracking chambers, and ADC and TDC 

readings in the scintillation and Cerenkov chambers, etc., were thus produced. 

The resulting set of coordinates, etc., were then processed through the same pro- 

grams and selections as the actual data. Some effects taken into consideration 

in this simulation included multiple scattering, absorption, resolution of various 

detectors, energy loss and weak decay probabilities. 

4.1.1 Monte Carlo Distributions 

The thrown sample needed to simulate: 

a) Primary vertex location in the target; 

b) Beam momentum vector; 

c) Rotation of event about beam axis; 

d) Lifetime distributions of decaying particles (V, H-, A, K”) ; 

e) Decay distributions of these particles; 

f) Hyperon production characteristics. 

Items a) - d) were readily simulated, using well known properties of the beam 

and lifetimes for the particles.[‘7l Hyperon decays - item e) - were generated iso- 

topically in the parent rest frames. Other distributions were found to make rather 

little difference to the overall acceptance. To simulate the hyperon production 

characteristics, item (f), we used the 4-momenta for production particles from 

events in the data samples themselves. In this way, effects of correlations between 

10 



these particles, as well as their momentum distributions, were, at least partially, 

taken into account in our Monte Carlo sample. 

4.1.2 Efficiencies 

Approximately 40 randomized variations of each data sample event were gen- 

erated and processed through the spectrometer, as described. The resulting effi- 

ciency E (= number passing/number thrown) was found to depend significantly 

upon three variables defined as: 

X (hyperon momentum in CMS + maximum possible value = PL/JI~=~) 

& (square of hyperon transverse momentum) 

n (number of primary charged particles). 

Figures 8 (a) and (b) show the efficiencies as functions of x and p$ for the 

three hyperons being considered here. They are characterized by a significant 

drop in efficiency at x < -0.5 due to low momentum hyperons failing to travel 

far enough before decaying, and at x > 0.8 due to A decays occurring beyond the 

decay fiducial volume defined by the detectors. Variations of E with pg were much 

less dramatic, falling slightly with increasing values. The relative efficiencies for 

primary charged particle multiplicities of 2 : 4 : 6 were approximately 100 : 75 : 

50 in all cases. 

Each Monte Carlo event was assigned a weight w (normalized to have mean 

value = 1.0) given by 

w(x, P& n) 0: cA1(x, pi, 4 y 

so that the distributions of x, pi and n for the passing Monte Carlo events 

matched those for the data sample. Various distributions of other quantities then 

also showed good agreement between the passing Monte Carlo events and the 
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I 

data - a test of the overall simulation process. For example, Figure 9 compares 

the proper lifetime distribution for the H- data with the Monte Carlo prediction 

(solid line). Similarly, the 9- production vertex position is compared in Figure 

10. The resolution of the reconstructed E- and n- masses from the Monte Carlo 

events also agreed within a few tenths of an MeV/c’ with those observed in the 

data. 

4.2 TOTAL CROSS SECTIONS 

Total cross sections were computed from a combination of factors: 

OTOT = N x 
(:) x (f) x (5) x (i&7) 

in which 

U was the branching ratio for A -+ pr-; 

N was the number of events in the data above background; 

E was the average efficiency; and 

b was the branching ratio for the observed V- decay mode. 

The values used were b (E- + Ax-) = 1.0; b (8’(1530) + rrr+H-) = g; b(fl- --) 

AK-) F 0.686; and u(A + pm-) = 0.642. The overall normalization was 1427 

ev/pb. 

Cross sections were also computed as a function of production multiplicity 

in a similar way using, in the above relationship, the multiplicity dependent 

efficiencies c(n) rather than E. The results for E- , E” (1530) and n- are given 

in Table III and plotted as functions of K- momentum in Figures 11 (a), (b), 

(c) for comparison with other available data. Agreement amongst experiments 

is generally good. The H- total cross section is almost independent of beam 

momentum, while the higher multiplicity cross sections rise sharply. The n- 

and 8” (1530) total cross sections also appear to show little beam momentum 

dependence near 11 GeV/c. 
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4.3 INCLUSIVE PRODUCTION CHARACTERISTICS 

4.3.1 Particle Multiplicities 

The average number of charged tracks (n) at the production vertex is sum- 

marized in Table III for the data samples reported to date. At a given s, values 

for this quantity show a clear tendency to smaller values for the higher hyperon 

masses. Figure 12 shows (n) as a function of &r(s). There is sufficient data so 

that a meaningful energy dependance can only be established for the H- where 

a simple linear fit in en(s) gives a variation of the form (n) - s”*46*0*03. 

4.3.2 Longitudinal Momentum 

It is usual to describe inclusive momentum distributions in terms of the Feyn- 

man variable x = p~/p,,,~~ and the square of the transverse momentum p$ already 

referred to in Section 4.1.2. The invariant distribution F(x) is defined as 

F(x) = $---/ E&dPr , 
T 

where pi and pi are longitudinal and transverse components of the momentum 

of the hyperon, respectively, in the overall center of mass system, while p,,, and 

E are the maximum possible momentum and energy in this system. 

These invariant distributions are tabulated in Table IV and shown for each 

of the 3 hyperons in Figures 13 (a), 14 ( a and 15 (a). The mean values of x ) 

from these distributions, summarized in Table III, are all positive, indicating a 

substantial amount of hyperon exchange contribution to the production of each 

of these particles. Data from other energies, where available, are included in 

Table III and in Figures 13, 14, 15. In the B- case, there is very little variation 

with beam energy in the values for (x) and also very little variation in the shape 

of F(x) at different s values, with the possible exception of one point from the 16 

GeV/c data near x = +l. In general, however, the magnitude of F(x) appears to 
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Table III 

Hypcron Inclusive Production Characteristics 

(Units are in GeV/c and pb aa Appropriate) 

APPLY. # 
of Eventr B(GeV/c-a Resction 2 prong 8 prong 

If3 

0.3 fO.1 
2f2 
6f3 
9f4 

6 prong 

29f7 

0.7f0.2 

18.8 f 1.2 
3lf8 
44f6 
47f3 

17f4 

‘1 fl 
llf3 

0.03 f 0.03 

< neh > cz> 

3.9 f 0.2 0.24 f 0.01 
2.65 f0.05 0.24 f 0.01 

3.64 f0.04 0.24 f0.01 
4.0 l 0.01 0.23 f 0.04 
4.7 l 0.2 0.16f0.05 

4.7 f0.01 0.22 f0.02 

< PT > 

0.502 l 0.005 
0.448f0.003 

0.612 f0.003 
0.52 f0.01 
0.44 l 0.04 
0.59 f 0.01 

K- Momentum 

11 GeV/c’ 
4.2 GeV/c’) 
6.5 Gel’/@) 

8.25 GeV/c’) 
10 GcV/c*) 

14.3 GeV/c8) 
16 GeV/ca) 

11 GeV/c’ 

4.2 GeV/c') 
6.5 GeV/c') 

8.25 GeVfc") 
10 GcV/ca) 
16 GeV/d 

11 GcV/c* 
4.2 GeV/c') 
6.5 GeV/c’) 

8.25 G&/es) 
10 GeV/c*) 
16 GeV/d') 

4 prong OTOT 

133fl5 
167f8 
160f8 
167f 10 
172 f 20 
127f9 
135 f 15 

44f6 
30f3 
38f3 
45f3 
43f7 
32fS 

3.9f0.6 
0.5 f 0.1 
1.4 f 0.6 
2.1 *0.3 
3.7fO.9 
3.2 f 1.1 

K-p-r!3-+X 3.14 f0.06 
3.9 l 0.01 

3.09 fO.33 
3.1 fO.2 

2.6 fO.1 

76f 11 
49.6 f 2.8 

90.4 f5.8 
101 f 16 
63f6 
61f9 

22f4 

23f6 
18f4 

25 f6 
106.6* 5.6 

47.5 f 3 
38 i9 
14 f2 
18 f5 

6f2 

3f3 
If1 

12,553 
5,046 

440 
8,121 

876 

861 

1,244 

2,772 

96 
40 

15 
67 

If1 

2fl 

4.1 fO.2 0.09 l 0.02 
0.09 f 0.01 

0.16 f 0.03 
0.13 f 0.05 
0.10 f 0.05 

0.55 f 0.03 2.6 fO.2 

0.61f0.02 2.59 l 0.06 
0.56 f0.02 2.8 9~0.4 
0.63f0.02 2.0 l 0.3 

K-p -* F’(1630) +X 

< 0.03 3.2 l 0.3 

2.88 3~0.09 

0.11 f 0.04 

0.19 f 0.02 

0.57*0.05 2.3 4~0.3 

0.66f0.03 2.8 f0.2 

1.2 f 0.3 2.7fO.S K-pdft-+X 

’ Thir Experiment. 
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Table IV 

Invariant z Distributions 

z Range K-p + z-+x K-p+R-+X 

Low High 

Weighted 

# Evts. 

35 

22 

44 

59 

85 

98 

130 

181 

226 

317 

367 

449 

529 

665 

679 

727 

785 

809 

802 

800 

703 

720 

665 

567 

505 

449 

356 

285 

235 

179 

117 

52 

F(z) WI 
Weighted 

# Evts. 

1 --- 

F(z) WI 
-0.95 -0.55 

-0.55 -0.50 

-0.50 -0.45 

-0.45 -0.40 

-0.40 -0.35 

-0.35 -0.30 

-0.30 -0.25 

-0.25 -0.20 

-0.20 -0.15 

-0.15 -0.10 

-0.10 -0.05 

-0.05 0 

0 0.05 

0.05 0.10 

0.10 0.15 

0.15 0.20 

0.20 0.25 

0.25 0.30 

0.30 0.35 

0.35 0.40 

0.40 0.45 

0.45 0.50 

O-.50 0.55 

0.55 0.60 

0.60 0.65 

0.65 0.70 

0.70 0.75 

0.75 0.80 

0.80 0.85 

0.85 0.90 

0.90 0.95 

0.95 1.00 

3.8 f 1.6 

7.5 f 1.8 

10.7 f 1.7 

10.4 f 1.5 

12.1 f 1.4 

11.2 f 1.2 

12.3 f 1.1 

14.4 f 1.1 

15.6 f 1.1 

19.1 f 1.1 

19.6 f 1.1 

21.9 * 1.1 

24.0 f 1.1 

24.0 f 1.1 

27.4 f 1.1 

28.3 f 1.1 

29.8 f 1.1 

30.3 f 1.1 

30.2 f 1.1 

30.6 f 1.1 

27.5 f 1.1 

29.2 f 1.1 

28.2 f 1.1 

25.5 f 1.1 

24.5 f 1.1 

23.7 f 1.2 

21.1 f 1.2 

19.2 * 1.2 

18.8 f 1.3 

17.7 f 1.4 

15.7 f 1.5 

11.0 f 1.6 

2 

--- 

9 

--- 

19 

.--- 

17 

---- 

17 

_-- - 

22 

---- 

8 

_--- 

1 

0.4 * 0.3 

---- 

1.5 f 0.5 

--- 

1.0 f 0.4 

--- 

0.9 f 0.3 

--- 

1.3 f 0.3 

--- 

0.3 f 0.2 

K-p+B 

Weighted 

# Evts. 

6 

5 

11 

11 

0 

11 

23 ---- 
20 

12 

27 

40 

37 

41 

63 

69 

76 

67 

61 

96 

94 

56 

82 

59 

55 

36 

40 

30 

29 

24 

12 
---. 

10 

4 

530) + x 

p (2) WI 

1.9 f 0.7 

_--- 
4.6 f 1.9 

3.6 i 1.1 

3.6 f 1.1 

6.6 f 2.2 

5.6 f 1.9 

5.9 * 2.0 

8.3 f 2.4 

8.8 f 1.5 

9.4 f 1.6 

7.9 f 1.6 

7.1* 1.4 

11.0 f 1.6 

10.7 l 1.6 

6.5 f 1.5 

9.4 l 1.5 

6.9 f 1.4 

6.6 f 1.5 

4.4 f 1.3 

5.2 f 1.2 

4.0 f 1.0 

4.0 f 1.0 

3.6 f 1.0 

2.0 f 0.7 
--- 

1.1 f 0.4 
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decrease noticeably at all x values as s increases. This is slightly more no- 

ticeable at large positive x values where hyperon exchange production would be 

expected to dominate. Possibly, at higher s, the production of 8- is more the 

result of E*, Y* or even D* decays. Data from the n- and E* (1530) reactions 

have, within the statistical uncertainties presented, a behavior consistent with 

the B-. 

4.3.3 Transverse Momentum 

Distributions of pg (integrated over x) are shown in Figures 13 (b), 14 (b), 

and 15 (b) for the three hyperons. As observed at other momenta,[‘-71 these are 

well described for p$ values up to 1.0 GeV/c2 by a distribution of the form: 

do 
- = A~-BP; 

dp$ 

Values for B are summarized for each reaction in the final column of Table III 

for a variety of momenta, and are characterized by the fact that they show very 

little dependence upon beam momentum, but decrease with hyperon mass. The 

major exception to this would appear to be in the E- data at 4.2 GeV/c,l’] with 

a value closer to 4 than to 3, except that this value was computed only for events 

with x > 0.2. 

Our E- data, presented in Figure 13 (b), extend to values of p+ up to 3.0 

(GeV/c)2- rather higher than those shown for any other experiments. Above 

1.0 (GeV/c)2 th ere appears to be some excess of events above the extrapolated 

expectation from the smaller pg values. 

Very little correlation exists between x and pi for either E- or 8’ (1530) 

production as demonstrated in Figure 16 where < pi > is plotted vs. x. Similar 

correlation distributions have also been observed at 4.2 GeV/c,l’l 8.25 GeV/c,12] 

10 GeV/c and 16 GeV/c.l’l Th e y are characterized by an indication of a drop in 

the value of < pi > for x near f 1 as might be expected kinematically, but are 

generally rather flat. 
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5. Polarization and Weak Decay Parameters of ES 

Nonleptonic weak decays of hyperons are usually described by asymmetry 

parameters a,P,7 given in terms of isospin changing, opposite parity, partial 

wave amplitudes S and P (which correspond to s-wave and p-wave, respectively, 

in H- + AT- decays). 

The definitions of CX, p, 7 are: 

2Re(S*P) 
Q = ISI2 + IPI2 

p = 2ws*P) 
ISI2 + PI” 

= (1- (r2)fsinf#J 

ISI2 - IPI2 
7= lSl2+ IPI2 

= (1- &cos~ 

(5.0.1) 

(5.0.2) 

(5.0.3) 

so that o2 + S2 + r2 = 1 (5.0.4) 

In general, it is interesting to compare these parameters for different members 

of any given isospin multiplet as a test of the AI = $ rule, but the comparison 

of the two decays: 

H”(K) ---) Ano 

is particularly interesting since the An systems are purely isospin 1. This means 

that not only do final state interactions have similar effects in both cases, but 

also the isospin decay amplitudes are thereby limited to AI = f or g (unlike, for 

example, C -+ NT decays where final state interactions are unknown mixtures of 

isospin f and g and AI = E is also possible). As some discrepancy exists between 

recent measurements of tug, it is appropriate to determine this parameter from 

our sample of H- . 
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5.1 ANGULAR DISTRIBUTIONS 

In the E- rest frame, the distribution of A momentum (ii) from the decay 

is described in terms of the B- polarization (&) by; 

F(O)= l+a&cos0, 

where cos 0 = & - ;i (unit vectors) . 

In this decay, each A acquires a polarization $A(@) which 

emission angle 0, and whose 3 components are given by[18); 

PA, = -Pg~sinO/F(O) 

PA, = P’&sinO/F(O) 

PA, = (PEcosO + aa)/F(O) 1 

(5.1.1) 

depends upon its 

in a coordinate system with axes e^r, 22, e^s defined for each decay as: 

(5.1.2) 

(5.1.3) 

In the subsequent decay; 

A + pr- 

the direction of the proton momentum (8 in this A’s rest frame then follows the 

distribution: 
f(0, e) = 1+ cr*P*(@) cos !P 

where cos XJ? = 3 - ?A( 0) . 
(5.1.4) 

A convenient way to present the data is to show distributions of cos 0 and 

of the 3 proton direction cosines cos& = 3 - e^k (k = 1, 3). These are shown 
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in Figures 17 (a)-(d) for our entire 8- sample integrated over all (z,p$) values, 

with their acceptances indicated by the broken curves. These acceptances are 

very well determined from over 30,000 passing Monte Carlo events, and show 

only slight variations, exhibiting no sharp dips or gaps. This is a consequence of 

the solenoidal symmetry of the LASS spectrometer, and is the reason we are able 

to make accurate determinations of erg and also to measure the @a parameter free 

from significant systematic biases. In particular, the distribution in the variable 

cos \ks- which is usually used to determine cyg, since its slope should be equal 

to agar~ independent of B polarization-has an acceptance that varies almost 

linearly, with a slope which is less than 15% of c~scr~ and is known to better than 

1%. 

Each distribution in Figure 17 is expected to exhibit a linear form (after 

correction for acceptance). Their forms are given by (5.1.1): 

F(O) = 1+ a&cos@ 

and: 

fl(Q1) = 1+ ;fi7$Y*co&Pr 

fi(%) = 1+ ~P&a*cos\k2 

1 

(5.1.5) 

f@) = 1+ a~a~cos\E3 

In addition to measuring cry, Pa and 75, therefore, a determination of the 

slopes of these distributions could be used to measure fi and, in view of the 

constraint (5.0.4), could even measure CUA. In our fits, however, we used the 

value CYA = 0.642 f 0.013 quoted in Reference 17. 
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5.2 MAXIMUM LIKELIHOOD FIT 

Obviously, a fit to the distributions in co& and cosXl?r-3 (after acceptance 

correction) to the forms (5.1.1) and (5.1.5) subject to the constraint (5.0.4) would 

provide a determination of QI, p, 7 and P for the H-. To allow for the correlations 

in acceptance between the various angles, however, we used a likelihood method 

which we describe below. 

The probability for a given 9- event to decay after a proper time ti with 

A momentum & in the H- rest frame and proton momentum p’i in the A rest 

frame is proportional to the product of the distributions (5.1.1) and (5.1.4) and 

an exponential decay factor that depends on the E lifetime r. 

w&E, PE, 7s, PE; p’i, Xi, ti) = F(@i)f(@i, Qi)esP(--3i/r) 

= [1+ a!Aag cos Q3 + a& cos 0 

+ CY~PE (-7~ cos S&f’1 sin 0 + /3~ cos \Ez sin 0 + cos SP3 cos 0)] 

X f?Zp( -ti/T) 

(5.2.1) 

Clearly, W is a function of E- decay parameters and polarization, the B- 

lifetime r and ark. Less obviously, it is also a function of the magnetic moment 

pa of the H-, since the polarization of each event precesses from its original 

direction parallel to (.I?B,=~ x g-) by an amount proportional to psti before 

decay. In principal, therefore, this method could be used to determine all these 

quantities, though we found that, in practice, our data were rather insensitive to 

ClS- 

Each event occupied a point in phase space (denoted here by a set of kine- 

matic variables wi) and had an unknown acceptance Ai (wi) and a production 

distribution B(wi) both of which depended, in general, upon all of the wi. The 

likelihood function for the ensemble of N events in our own sample, therefore 
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L = fi Ai(wi)Bi(wi)Wi(as, PZ,7E,&;W) * (5.2.2) 
i=l 

In the formulation of the extended log likelihood method[‘g], therefore, it was 

necessary to maximize L given by; 

L = 2 h(Ai) + 5 ln(Bi) + 5 tn(Wi) - M , 
i=l i=l i=l 

where M = 
/ 44%4w(4~ over all phase space, 

with respect to our parameters. 

(5.2.3) 

Detailed knowledge of the functional behavior of A(w) and B(w) was not 

required. The first two sums over h(A), and en(B) in this quantity were con- 

stants, independent of our parameters. They were, therefore, ignored (actually 

set to zero) in the optimization process. Evaluation of the integral M was made 

possible by using the entire thrown Monte Carlo sample which, after weighting 

as described in Section 4.1, had a distribution B(w) exp(-t/r) over phase space. 

Events which passed our cuts were assigned an acceptance A = 1, and A = 0 if 

they failed. 

In this way, we calculated; 

M = 
/ 

A(w)B(w)W(W)~W = f 5 wiWjexp(+tj/r) (5.2.4) 
j=l 

where 

T was the sum of weights of all thrown (passing and failing) Monte Carlo 

events; 

P was the number of passing Monte Carlo events; 
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wi, tj were the weight and proper time, respectively, of the jth passing 

Monte Carlo event. 

Two further complications were, first, that our data sample actually consisted of 

weighted events, with weights w that were negative in the background subtraction 

bands described in Section 3.5; and secondly, that the H- decay parameters 

Q, /I, 7 were not independent, but related by equation(5.4). In our fit, therefore, 

we maximized the function L’ (including a Lagrange Multiplier A) defined by: 

L’ = 5 witTt(Wi) - M + A (a; + pg + 7; - 1)2 
i=l 

with respect to a~, fin, 79, and Pa(x,p;) . 

5.3 POLARIZATION OF E- 

In the description in Section 5.2 above, no mention was made of the fact 

that the parameter PE was, in fact, a function of z and of pt for the 8-. In 

order to make use of our full B- sample, therefore, we made two fits. In the 

first, (the “z fit”) we treated PE as if it were only a function of x, with eight 

possible, discrete values-one for each of eight ranges in x. We fit 11 parameters 

[a, P, 7, Pzl, . ..%I using the method described in the preceding section with 

a value of PE assigned to each event based upon its placement in one of these x 

ranges. In the other fit (the pi fit) a similar division into six pi ranges was made. 

In each case, as, pz, 7~ and all P= values were optimized. In this way, events 

from different x or pi regions were all constrained to have the same values for (Y, 

/3 and 7. The distributions resulting from the x fit are shown by the solid curves 

of Figures 17 (a)-(d) an d were obtained by weighting the Monte Carlo events by 

the function W defined in equation (5.2.1). Very similar curves were obtained 

from the pi fit, and clearly provided an excellent description of the data. Results 

of these two fits are given in Table V. 
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Table V 

E- Decay Fits 

Subsample z Range Number of E- Event8 Polarixation (%) Q 9 (Degrees) 
LOW High 

-1 -0.5 52 - - - 
-0.5 -0.2 564 l&10 -0.55 kl.6 13&23 
-0.2 0 1,259 -4f7 -0.45 AO.08 29f75 

0 0.3 3,776 -12f5 -0.44 f0.04 29&22 
0.3 0.4 1,454 -3lk6 -0.38 f 0.06 -15Al8 
0.4 0.5 1,292 -14*7 -0.40*0.07 -12zk35 
0.5 0.75 2,268 -3Of5 -0.34 f0.05 3*14 
0.75 1 759 -32f9 -0.39rfo.07 19 * 19 

-1 -tl 11,424 - -0.405f 0.023 5+10 -7 

PT Range 

(MeV/c) 

LOW High 

0 115 517 4.5 l 11 -0.40 f0.13 15*45 
115 190 784 -4.2f9 -0.41*0.10 12zt50 
190 315 1,890 -2Of6 -0.46 f 0.06 15zk33 
315 375 924 -15f9 -0.41f 0.08 23f18 
375 850 6,200 -22&t -0.37 f0.04 2*11 
850 1,500 1,109 -27f7 -0.40f0.07 6zk17 

0 - 1,500 11,424 -0.404f 0.024 6+' -11 

B- Length 

Cut (ems) 

>5 11,424 -0.40zk0.02 5f 8 
>8 9,066 -0.41f0.03 Of 9 

>ll 7,111 -0.421kO.03 6zk12 
>14 5,625 -0.42 f 0.04 -4zkl6 
>17 4,435 -0.44 l 0.04 O&20 

. Polarization of hyperons produced by proton collisions in hyperon beams has 

been observed to grow systematically[201 with increasing pg. This behavior has 
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also been seen for B- produced in K-p collisions at 5 GeV/c,Ir2] and to a lesser 

extent at 8.25 GeV/c, I21 with polarization reaching about 45 f 5% at pi = 0.4 

GeV/c in the 5 GeV/c experiment. In our data, shown in Figure 18 (a) together 

with that from the other earlier experiments, an increase in I+ is seen with pi, 

but is somewhat more gradual than that observed in the other two experiments. 

A broader range of pi values is covered in our measurements, but our polarization 

only reaches 27 f 7 % at pi = 1.5 GeV/c. The variation which we observed in 

PE [Figure 18 (b)] 1 a so shows a general trend to increasing PE with increasing 

x. Thus, the available data seem to suggest that polarizations at large x or pi 

values decrease in K-p interactions with increasing beam momentum. Our data 

also show that the magnitude of I+ increases with both pi and x. This also 

appears to be the case for the 5 GeV/c experiment but the variation with x in 

the 8.25 experiment is less obvious. 

5.4 WEAK DECAY PARAMETERS 

As a result of the fits described in the previous Sections 5.2 and 5.3, two sets 

of values of cyg and a~(= tan-‘y~/P~) were obtained- one in which PE was 

regarded as a function of x and the other in which it was regarded as a function 

of pi. They are presented in Table V, and are seen to be in excellent agreement. 

As a test of the magnitude of systematic errors in our data, and our fitting 

procedure, various subsamples of events, defined in Table V, were fitted indepen- 

dently. For example, various length cuts were applied to examine the possibility 

that background might affect our results. We also made various event selections 

on the basis of both z and pi. The values of era and @a for these subsamples 

are tabulated in Table V and plotted in Figures 19-21 as functions of x, pi, and 

the E- length cut respectively. Obviously, agreement between subsamples is ex- 

cellent and dominated by statistical errors. Included in Figures 19 and 20 are 

our measurements of &, and a clear correlation can be seen between smaller un- 

certainty in ip~ and large magnitude of &. To test the sensitivity of our results 

to our assumptions regarding background, we also varied the weight we assigned 
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to the H- side band events. We varied this w in equation (5.2.5), between its 

limits of 0 and -1 and produced a variation in ag of 0.05 without any observable 

change in @s . The value of -0.36 for w which we have used, arises from our fit to 

the distribution of Arrr- mass in Figure 4, and can be adjusted by f 0.3 at most. 

Including these systematic uncertainties, our best values for decay parameters 

(taken from the x fit, which also provided estimates of statistical uncertainties), 

are as = -0.40 f 0.03 and @g = 5 f 10 degrees. 

5.5 COMPARISON WITH OTHER RESULTS 

Parameters obtained from the most recent experimental measurements110-121 

are summarized with our own in Table VI. Values for CYE were recomputed from 

the ones published using the best value1’7l for CYA of 0.642 f 0.013 on the as- 

sumption that the product cvacvn should remain unchanged. Values for Qs (only 

measurable in experiments where H- polarization is evident) are largely unaf- 

fected by CYA and are tabulated as quoted. 

Table VI 

9- -+ An- Decay Parametere 

Approx. Number of I I 
Source Events Used in Fit a ip (Degrees) 

All Experiments Before Ref. 10 25,000 -0.385 ho.017 2zt6 

BNL Hyperon Beam [Ref. lo] 9,046 -0.49 f0.04 - 

CEFW SPS Hyperon Beam [Ref. 111 150,000 -0.462~0.015 - 

BNGh4PS (K-p) [Ref. 121 20,865 -0.40f0.03 14.7 f 12.3 31 10.0 

This Experiment 11,424 -0.40f 0.03 5 f 10 

An odd discrepancy in erg exists between the hyperon beam results and those 

from K-p experiments, the former tending towards larger, negative values. A 

possible explanation for this discrepancy might arise from the effect of back- 

ground in the E- sample referred to above. Such background events display a 
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decay asymmetry different from that of the 8-, and therefore affect the perceived 

value for CQ. By adjusting our assumptions regarding the amount of this back- 

ground (w) between extreme limits, we were able to alter cry from -0.44 to -0.39. 

However, in order to make our value agree with either of the hyperon beam re- 

sults, we would have to assign a value for w greater than 1.0. This would describe 

an unlikely situation where rather than having a number of B- events in the dot- 

ted regions of Figure 4, the background, itself was actually enhanced exactly in 

the E- region. As noted above, we did adjust the actual amount of background 

in our sample by requiring a variety of different H- length cuts. This did not, 

within our model, affect our value for ag. Most results prior to References 10 

and 11 came from K-p bubble chamber experiments where little background 

existed, since decay vertices could be clearly observed by human scanners. Both 

our experiment, and that of Reference 12, also use K-p induced H- samples and 

in both, a noticeable background clearly existed. Its magnitude and effect was, 

however, easily modelled from the H- side bands. All these experiments appear 

to favor similar values of era near -0.40. 

On the other hand, the experiments described in References 10 and 11 ob- 

tained data from hyperon beams where the inherent assumption of no background 

was made. These experiments obtained values for cry closer to -0.47 with small 

errors from the slope of their cos XPs distributions. The existence of a strongly 

asymmetric background in their samples, though unlikely, could explain this dis- 

crepancy. 

From Table VI, we note that the uncertainty in tug does not decrease as 

the square root of the number of events in the fit samples, but is ultimately 

limited by systematic effects, and by the uncertainty in cz~. For instance, the 

two experiments with the greatest precision achieve errors within a factor of 2 

from ours, since in our experiment, we experienced relatively little systematic 

uncertainty, and relatively good statistical precision. Our results, therefore, con- 

tribute significantly to the new world average values for tug = -0.427 f 0.014 and 

d& = (3.9f 5.2)' which can be inferred from Table VI. 
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5.6 THE AI =1/Z RULE 

The ratios cvao/os- = 0.977 and s-/=:0 = 0.484 can be calculated, after 

allowing for phase space factors, by assuming that the two decays 

=“(B-) + Ax’@ -) 

proceed with AI = 4 s-wave and pwave amplitudes (Sr and Pr) alone. Intro- 

ducing the possibility of AI = $ amplitudes (Ss and Pa) one obtains ratios:L21] 

ap/arg- = 0.977+ 1.37(&/& -&/PI) 

Q-/GO = 0.484 - 1.44S3/Sl - 0.06P3/P1 

Using the new world value for tug- computed in the previous section, and the 

best averages for CYST, r;;-, r=. from Reference 17 we obtain 

f&/S1 = -0.058 f0.015 

P3/Pl = -0.051f0.046 

indicating some violation of the AI = i rule in the s-wave amplitude. We note 

that if we omit the large negative values for tug- obtained by the to hyperon 

beam experiments the calculation above leads to 

S3/S1 = -0.061f 0.015 

and Pz/Pr = -0.119f0.046 

indicating some Ahf = % contribution to both waves. 

The major source of uncertainty in Pz/Pr arises from that in crao/a~-. In 

order to establish any violation of the AI = $ rule in the p-wave amplitudes, 

better measurements of both erg- and cygo are still required. 
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6. Search For Higher Mass Hyperon States 

Very little information on the production of strange baryons has been accu- 

mulated over the last few years. In the most recent review ~21 in the 1980 baryon 

conference, it was noted that the situation of 9* spectroscopy had changed little 

in four years and that the only well established B* states were still the 8(1530), 

E(1820) and E(2030). Other narrow states had more recently been reported with 

masses at 1680 and 2370 MeV/c 2, but confirmation by other experiments was not 

yet possible. Several other H states which had been reported with masses at 1630, 

1940, 2240 and 2420 MeV/c2 had only been seen with a statistical significance 

of about 4 standard deviations, or less, in various bubble chamber experiments 

using K- beams with momenta less than 5 GeV/c. One of the most interesting 

strange baryon states observed had been the very narrow, high mass x+(3170) 

reported[231 to have decay modes only to multi-strange combinations of hadrons 

such as BK + K’S, C KK + R’S, or AKji: + r’s, etc. All data on these particles 

were obtained from bubble chambers. 

Since the 1980 conference, one bubble chamber experiment[41 and one K-p 

counter experiment[241 have reported weak evidence supporting the existence of 

the 8(2370), though the former experiment casts doubt upon its identity as a 

normal, single 9 state in view of its peculiar excitation function. This and another 

counter experiment[25l using a hyperon beam have also presented some evidence 

in support of the existence of the 8(1940), though both signals appear to be less 

than 4 standard deviations. The latter experiment observed the decay to E-X+, 

the mode of observation of the earlier bubble chamber experiments. The same 

experiment also saw evidence for 9(1680), but concluded that the most likely 
1+ spin parity was z in contrast to the assignment of i- tentatively made by the 

original authors.[261 

It still appears that the only confirmed E states are the 8(1530), E(1820), 

and E(2030), and that definitive data on all the other states is still required. 

Given that, with the presently acquired data, our experiment is equivalent to the 
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largest bubble chamber experiment, it is of interest to search for these states. 

We find, as expected, evidence for the E(1530) and E( 1820) which have known 

decay modes to 9-, but do not find, as yet, conclusive evidence for other states. 

In particular, we do not observe the E(1940). Our data also represent the only 

means available to confirm the existence of the x+(3170) which we fail to do. 

6.1 E* STATES 

Figure 22 shows the inclusive 8-r + effective mass distribution over a wider 

mass range than that in Figure 7. In this, as in all other mass plots shown here, 

an attempt has been made to distinguish n/K ambiguities using both time of 

flight and Cerenkov devices. It is a striking fact that, apart from the 8(1530), no 

evidence for H* resonances is seen in Figure 22. This plot includes all multiplici- 

ties, so a certain amount of combinatorial background exists (approximately two 

combinations, on average, per event). A variety of subsamples, e.g., a specific 

multiplicity, etc., were examined and none showed any significant signal apart 

from the E” (1530). One such subsample (shaded events in Figure 22) was chosen 

by selecting the 8-r+ combination in each event for which &momentum transfer 

from KiEm to 8-r + was smallest. The evidence presented in Section 4 sug- 

gests that baryons with multiple strangeness appear to be produced by hyperon 

exchange, prompting this selection. It can be seen, however, that the H'(1530) 

signal diminishes in strength when this selection is made and indicates that many 

of the 8’(1530) are probably themselves decay products of higher mass states. 

Earlier experiments, mostly at lower momenta,l”] have reported the existence 

of a variety of states in this system, usually as four standard deviation effects. 

The positions at which such states have been reported are indicated on Figure 

22. The lack of 8* states decaying to H- rr+ is a prediction of a model of baryons 

based upon two body qq color forces.[2’l In this model, the couplings of E*‘s with 

masses below 2.1 GeV/c2 to this “elastic” channel are expected to be small with 

their decays being dominated by “inelastic” Yfi- modes. Our data support this 

picture. Our small acceptance in the higher mass ranges of the E-X+ spectrum 
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precludes the possibility of observing anything but very strong signals above 2.1 
GeV/c2. 

The only other well established state that we might expect to see in our 

E- channels is the E(1820) which has a known decay mode to E( 153O)rr. Our 

mass plot for the B” (1530) K- system is shown in Figure 23 (with background 

subtracted as outlined earlier). A clear signal is seen corresponding to the decay 

of the 5:” (1820) to E0(1530)7r-. No other states are seen in this decay mode. 

6.2 THE x+(3170) HYPERON 

This state is one of the most interesting hyperons to be reported, with high 

mass, narrow width and unusual decay modes, yet no corroboration of its exis- 

tence has been possible to date. Data in support of its discovery were originally 

presented jointly by two experimentsl23l to indicate an enhancement of at least 

six standard deviations at 3.17 GeV/c2 with width comparable to the resolution 

of the experiments involved. 

The state was seen in the reaction 

K-p+ c +(3170)n- (6.0.1) 

at 6.5 and 8.25 GeV/c. 

Its characteristics were: 

1. Mass 3.17 GeV/c2 and width compatible with zero. 

2. Produced by baryon (A) exchange. The distribution of the recoil 7r- was 

characteristically in the backward direction in the center of mass system in 

the x+(3170) events, while it was in the forward direction in neighboring 

bins. 
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3. The x+(3170) decayed only to high multiplicity states with multiple units 

of strangeness: 

c +(3170) + CKK+ 2 27r 

+ AKK+ 2 27r 

+ H-K + 2 37r 

and not, for example, simply to C or A + pions. 

4. Neither the x0(3170) nor the c-(3170) was seen. 

The above observations were made by studying effective masses of the systems 

listed. Such a study cannot be made with our present data, but it is possible to 

use our 8- data to search for the above reaction where the x+(3170) decays to 

E-K + rr’s by investigating the missing mass recoiling against the slowest n- in 

the subsample of events in which we require: 

(a) A clean 8-; 

(b) At least one 7rr-; 

(c) Two or more additional charged pions or kaons. 

The resulting missing mass distribution is shown in Figure 24. This shows 

all events with the above criteria and with the A- produced backward in the 

overall center of mass system. The resolution expected in the x+(3170) region 

is estimated to be less than 20 MeV, so any signal should be seen in one bin in the 

plot. In Figure 24 there are five events in the 3.17 GeV bin, about the number 

expected from a smooth background curve drawn through the region. Using our 

knowledge of the acceptance for such events, this leads to an upper limit for the 

cross section for reaction (6.0.1) of 0.07 pb. (95% confidence level). 

The cross section for this decay mode of the x+(3170) was (0.15f0.07)pb at 

8.25 GeV/c and (0.3 f 0.2)pb at 6.5 GeV/c. ~31 Extrapolation of these cross sec- 

tions to 11 GeV/c for comparison with our result is obviously model dependent, 

and statistically uncertain as well, but two extreme cases can be considered. The 
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most pessimistic would assume that this two body cross section, mediated by 

I = i baryon exchange, might fall with the fourth power of K- momentum, and 

gives an 11 GeV/c cross section of 0.05pb. The most optimistic might assume 

that meson exchange was possible leading to a cross section of about 0.1 fib. The 

appearance of the signal in the former case is illustrated, as it should appear, 

in Figure 24. Clearly, our data do not support the existence of the x+(3170), 
produced with the cross sections measured in Reference 23, but cannot rule out 

its existence, with production by A exchange, at the 95% confidence level. Our 

data do exclude production of x+(3170) by meson exchange, however. 

7. Conclusions 

From a study of E-, a-, and EO(1530) inclusive production from 11 GeV/c 

K-p reactions, we can conclude the following: 

(i) All three particles are produced predominantly in the forward 

hemisphere in the CMS, as would be expected if produced by hy- 

peron exchange mechanisms, or if they were daughters of baryon 

states that were. 

_ (ii) Scaling in the variable x appears to work well at our energy for all 

three particles. 

From the 8- channels we further conclude: 

(iii) Polarizations of 8- decrease in magnitude (at large z or pc values) 

with increasing beam momentum. In most experiments, a trend 

in this magnitude is also to increase with both z and pi. 

(iv) A discrepancy exists amongst most recent determinations of the 

value for erg. Hyperon beam experiments obtain values below 

-0.45, but K-p experiments obtain values closer to -0.40. Our 

value is -0.40 f 0.03. Background assumptions affect this result. 
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(v) Some violation of the AI = i rule exists in the s-wave amplitude 

for E- + AT- decays. More accurate determinations of ar for E” 

and E- are needed to make conclusions for the p-wave amplitude. 

(vi) We confirm the E”(1530)7rr- decay mode for the H-(1820). 

(vii) Our data fail to confirm the existence of the x+(3170). We obtain 

an upper limit for the two-body cross section for production of 

x+(3170) of 0.07pb (957 o confidence) with subsequent decay to 

EK+ pions. 
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I 

1. Plan View of the LASS Spectrometer. 

2. The V- Topology. Selected events included all possible charge multiplic- 

ities and the possible existence of K” + x+?T- decays in addition to the 

topology shown. 

3. Effective Mass Distribution of Arr- System. The unshaded distribution 

corresponds to all candidates for the V- topology. The shaded plot con- 

tains only those events that make multi-vertex, geometrically constrained 

fits, and have satisfactory particle identifications as described in the text. 

The curves results from a fit described in the text.(161 

4. Final 8- Sample. The AX- effective mass distribution contains only events 

after final cuts as described in the text. The line-shaded events clearly 

contain some background whose effect is monitored by the dotted events in 

the control regions on either side. 

5. A K- Effective Mass. Events plotted have confidence levels > 2% for both 

multi-vertex fits, and a fitted V- track length of at least 2 ems. Events 

with MA,- within 11 MeV/c2 of H- have been removed. 

6. Final a- Sample. Line-shaded and dotted events indicate the signal and 

side band subtraction regions respectively. The curve comes from a fit 

described in the text.[16] 

7. 8-r+ Effective Mass Distribution. Line-shaded and dotted events indicate 

signal and side band subtraction regions respectively. The curve comes 

from a fit described in the text.(16] 

8. E-, n- and 8’(1530) Acceptances. (a) The acceptance for each hyperon, 

as a function of x, integrated over p$; (b) acceptance versus p$ integrated 

over z. The solid curves are for E-; the dashed curves for E’(1530) and the 

Figure Captions 
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dot dashed curves for n-. 

9. E- Lifetime Distribution. The uncorrected lifetime distribution for 8- 

events shows deviations from linearity due to acceptance effects. The curve 

represents the Monte Carlo simulation of this distribution. 

10. Production Vertex Distribution for E- Events. The curve represents the 

Monte Carlo simulation of this distribution. 

11. Total Cross Sections. (a) K-p -+ B- + anything; (b) K-p -+ fl- + any- 

thing; (c) K-p + 8”( 1530) + anything. Cross sections are shown as a 

function of K- momentum in the laboratory. Where data exist, cross sec- 

tions for different multiplicities are shown. The values for this experiment 

are indicated by the solid points. The curves are included to guide the eye 

only. 

12. Mean Charged Multiplicity vs s for the Reactions K- + H- + Anything 

and n- + Anything. A fit of the S- data to the form (n) cx s’.~~*‘*‘~ is 

shown. The dashed line for the s1- data is included only to guide the eye. 

13. Momentum Distribution for K-p -+ H- + Anything . (a) The invariant 

cross section F(z) vs x is compared with other data. To reduce confusion, 

error bars are included only for this experiment, whenever they are larger 

than the dots. Estimates of errors in all plots for this experiment include 

uncertainties in acceptance. Most error bars are smaller than the dots. The 

plots come from: this experiment (12,551 events); 16.0 GeV/c (933 events); 

8.25 GeV/c (8,121 events); 4.2 GeV/c (5,046 events). (b) da/dp$ vs pg for 

this experiment. The curve indicates a fit of the form da/dp$ = (411 f 6) 
exp (-3.14 f 0.06)~;. 

14. Production Characteristics for K-p + n- + Anything . (a) F(s) vs x. 

Error bars are included only for this experiment to reduce confusion. (b) 

do/dp$ for this experiment. The fit is of the form do/dp$ = (13 f 3) exp 

(-2.3 + 0.3)~;. Plots include 96 events from this experiment and 63 events 

from the 8.25 GeV/c data. 
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15. Production Characteristics for K-p + E” (1530) + Anything. (a) F(x) 

vs. 5. Error bars are included only for this experiment whenever larger 

than the dots. (b) do/dpg for this experiment. The fit is of the form 

do/dpt = (73 f 12) exp (-2.6 + 0.5)~;. 

16. < pi > vs. x. (a) K-p + B- + anything; (b) K-p + n- + anything; (c) 
K-p + E” (1530) + anything. When available, other published data are 

included for comparison. Error bars are included only for this experiment 

where they are larger than the dots. 

17 . H- Decay Angles. Distribution of the four angles j[lr--3 and 8 defined in 

the text are shown in (a)-(d) respectively. The solid curves are the result 

of the “x-fit” described in the text. Dotted curves indicate acceptances in 

these angles (in arbitrary units). 

18. Polarization of 8- from K-p + S- + Anything. (a) as a function of pi; 

(b) as a function of x. All available data from other experiments are in- 

cluded in the plots. 

19. x Dependence of E- Decay Parameters. Variations in the values obtained 

from (a) a; (b) a; and (c) polarization are shown as functions of x. Only 

polarization may show any variation in the absence of systematic effects. 

Error bars indicate statistical uncertainties only. 

20. pT Dependence of z- Decay Parameters. Variations in the values obtained 

for (a) a; (b) a; and (c) polarization are shown as functions of pi. Only 

polarization may show any variation in the absence of systematic effects. 

Error bars are purely statistical. 

21. Systematic Effects in H- Decay Parameters. Variations in values obtained 

for (a) cy and (b) Q are shown as functions of H- track length cut. Longer 

length cuts reduce background contamination. Error bars represent purely 

statistical errors from the fits to the various samples. 
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22. E-r+ Effective Mass Distribution. All combinations in which the T+ has 

particle identification information consistent with a 7rr+ are plotted un- 

shaded. The shaded events are those combinations (one per event) having 

the smallest value for u - urnin, where u is the 4-momentum transfer from 

the K- beam to the E-T+ system. Arrows indicate positions at which 

resonances in this system have been reported. The E-(1530) peak width is 

consistent with our mass resolution. 

23. 8’(1530)7r- Effective Mass Distribution. All combinations are plotted. The 

arrow indicates the position of the E-(1820) resonances. 

24. Missing Mass Opposite the x-. The event sample is as defined in the text. 

The curve is a Gaussian peak having a width equal to our resolution cen- 

tered at 3.17 GeV/c2 plus a smooth background. The peak size is that 

expected from I = % (baryon) exchange. 

40 



r TOF 

r JHU 

I PLUG 4 
-JaIlI r 

Superconducting Coils 
ond Vacuum Vessel, 

Beom 
-I 

LH2 Target 

I : : : : : : : : : : : : : : : . 
c Cerenkov Counter 

- Proportionol Chomber 

-a- Copocitive - Diode Spark Chamber 

l ****.*a Mognetostrictive Spork Chamber 
--- Scintillation Counter Hodoscope 

-*-.s-** Cylindrical Spork Chambers 

-MST I 

I 

MST 2 

: 
: 
: 
: 
:! 
:I : 
if 
:I . . 
i! 
: 
: I 
: . 
: 

JHD 

- MSDI 

MS02 

MS03 

MS0 4 

: : : : : . : : : 
: : . 
: 

: : 
: : 
: : 
: : 
: : 
: i 
: : 
: : 
: : 
: : 
: : . 
:  l 

L- L PLUG 5 

JHXY 

L HA 

- CD4 
lm 

t IO- 80 
Im ,**,A.2 

Fig. 1 



Fig. 2 



500 

0 

4933A3 

1.26 1.30 1.34 1.38 

MA,- (GeVk*) 1 O-84 

Fig. 3 



G- 
o 

> 

r” 
- 

1400 

1000 

600 

200 

0 

1 O-84 

I I I I I 

I 
u- 
I=: 

1.26 1.30 1.34 1.38 

hhr- (ceVk*) 4933A4 

Fig. 4 



11
 

-. cn
 

. ch
 

8 

EV
EN

TS
/(3

 
M

eV
/c

*)
 

P 
’ 

0 
zi

 
8 

I 
I 

I 
I 

I 
I 

I 
I 

I 

5 
i 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 



30 

IO 

0 

lo-84 

- 

- 

I .60 1.64 1.68 1.72 I .76 

MA,- (GeV/c*) 4933A7 

Fig. 6 



180 

2, 60 

20 

0 

1 O-84 ME-,+ 
1.6 

(GeVk*) 
1.7 

4933A8 

Fig. 7 



5-85 

-1.0 -0.5 0 0.5 0 I 2 3 

X pp [ (Geb!d21 
4933A9 

Fig. 8 



10-84 

IO3 

IO2 

IO’ 

IO0 

10-l 

I- i I I I 

I 
11 I I I I I 

0 I 2 3 4 
E- PROPER LIFETIME 4933AlO 

Fig. 9 



- 

‘II
 

-. C
Q

 
. 0 

0 0 0 

0 

EV
EN

TS
A2

cm
) 



IO3 I I I 

102 

IO ’ / /' /' .I' 
IO0 /I 

t 

t 
-- -9 

8c” K-p--+-+X 

10-l I I I 

3 
(b) 

50 

g 40 9 + t e 
0 
b+ 30 0 0 
z 
kg 20 K-p-E”(1530)+X 

Total Cross Section 

IO 

(cl 
5 

4 

3 

2 0 “+ 17 
I 

K-p-d-+X 
Total Cross Section 

0 
0 5 IO I5 

12-94 
pLAB(K7 (GeV/c) 

4933c12 

Fig. 11 



I 

4 

h 
C ” 

3 

2 

plab GWc) 
4 810 I6 
I I I I 

I 0 K-p--FE-+)( 0 K-~--FE-+X 
X K-p-Q-+x X K-p-Q-+x 
l This Expt. . This Expt. 

4 ‘IO 20 30 
1 O-84 S (GeV2) 4933A13 

Fig. 12 



5-85 

l This Experiment 
v 16.0 GeWc 
A 8.25 GeV/c 
o 4.2 GeVk 

I I _ 
-1.0 -0.5 0 0.5 1.0 

p: [(GeVk)*] 
4933814 

Fig. 13 



IO’ 

x IO0 
2- 

- x 
iz I 0-l 

I I 
-I 

A 8.25 GeV/c 
d 

I I I 

-0.5 0 0.5 1.0 
X 

5-85 

0.5 1.0 1.5 2.0 

pp [w/c,2l 
4933015 

Fig. 14 



I 

IO2 k I I I d 

E*O (1530) (a) 

l This Experiment 
0 4.2 GeVk 
A 8.25 GeVk 
v 16.0 GeVk 

I I I 
-1.0 -0.5 0 0.5 1.0 

x 

do0 e b -0 

10-l 

5-85 
p!f[~*“(1530)] (GeVk)* 4933816 

Fig. 15 



I 

0.8 

0.6 

0.4 

0.2 

z 0.8 
3 
6 
- 0.6 
n 

g 0.4 

0.2 

0.7 

0.6 

0.5 

0.4 

0.3 

ll- 84 

I I 1 I I 
c-)- # (a) O 

0 0 0 

,o,=+&%df 

A;~vi7y-+ 

A 

A- 

V 

* This Experiment 
v 4.2 GeV/c 
A 8.25 GeVk 
o 16.0 GeV!c 

I 1 I I / 

a- * This Experiment (b) 

++ 

-T 

I I 1 

_ z*“(l530) w 0 

0 00 
0 

-+-+- - 

l This Experiment 
0 16.0 GeVk 

I I I I I 
-1.0 -0.5 0 0.5 1.0 

X 
4933817 

Fig. 16 



600 

E 

400 - 

Y ----_ //--- /c-----------\ 
w -__--- / 

200 - 

(a) (b) - 

o- ’ I I I I I I I 1 I 

-1.0 -0.5 0 0.5 1.0 -1.0 -0.5 0 0.5 1.0 
COSJI, cow* 

600 

$400 

Y 
W 

200 

0 

1 O-84 

-- -----------_ -\ /I--- 
---_ -t // - -+R 

(cl (d) - 

I I I I I I I I I I . 

-1.0 -0.5 0 0.5 1.0 -1.0 -0.5 0 0.5 1.0 
cowa case 

4933819 

Fig. 17 



0.4 r I I I I I I 

g 0.2 

5 
N 0 
ar 
a 
6 -0.2 
a, 
‘III -0.4 

+ t 

l This Experiment 
A 8.25 GeV/c (a) 

0 5.0 GeVk 
i 

-+ t +t 

0 

-0.6 ’ I 1 

0.5 

0 0.5 1.0 1.5 
p, (GeV..c) 

r I r I I 
I I I I 

(b) 

0 
0, -0.5 
iI1 

- 1.0 I 
- 1.0 

11-84 

I 
-0.5 0 0.5 1.0 

X 49339 19 

Fig. 18 



-0.1 

-0.3 
a 

-0.5 

- -0.7 

ii 
& 20 
Gi - 

-20 
-8- 

-60 

I 0 
111 

n -0.2 

-0.4 
- 0.6 

I I (a) 
11 ,+-+++ 4 

I+ 
++ + 

w 

+-I ++ + 

-0.5 0 0.5 1.0 
1 O-84 X 4933A20 

Fig. 19 



0.1 

0.3 
a 

0.5 

0.7 
‘3; zi 40 

b Gi 0 

s 40 

p 0 

0.4 

I I I 

b 
I I t (a) (a) 1 t + --+- -+ -+i 1 

I- -l 

I I I I I I I I 

(b) - (b) - 

’ I 
I I I I I 

t-t 

(cl - 

+-+ 
l I-,-+--- 

0 0.5 1.0 1.5 

5-85 PT (GeV/c) 
4933A2 1 

Fig. 20 



-0.1 

-0.3 
a 

-0.5 

- -0.7 

g 20 

% 0 - 
-20 

-%O 

-1 O-84 

(a) 

+ + t t 

I I 

(b) 

t 

t t 
t 

t 

5 IO I5 
LENGTH CUT (cm) 

i 

4933A22 

Fig. 21 



12-84 

800 

0 
I 2 3 4 

ME -TT+ (GeV/c*) 4933A24 

Fig. 22 



60 

\ 
F 7 
W 
> w 20 

0 -- 
1 

I .4 

5-85 

.-------------- 

1.8 2.2 2.6 3.0 

M,-“(1530w bevk2) 4933A25 

Fig. 23 



I 

0 

i2-84 

I I I I I I I 

2.5 I 

3.0 3.5 
MM (GeV/c*) 

4.0 
4933A26 

Fig. 24 


