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FOUR-)DY STRANGE PARTICLE PRODUCTION IN pp COLLISIONS AT 6 BeV/c 

S. Klein,* W. Chinowsky, R. R. Kinsey, 
M. Mandelkern, and J. Schultz+ 

Physics Department.and Lawrence Radiation Laboratory, 
University of California, Berkeley, California 

and 

T. H. Tan 
44 

Stanford Linear Accelerator Center, Stanford, California 

ABSTRACT 

An exposure of the LRIJ 72-in, liquid-hydrogen bubb']e chamber to 

6 BeV/c protons has yielded some 3000 examples of production of strange 

particles in four-body final states. Cross sections for the reactions 

0+ 	 +0 	 ++ pp - ApK it , pp -* ApK it , and pp - AnK it are 64 ± 6 ib, 39 ± 6 tb, and 

43 ± 4 i.ib, respectively. The resonances K*(89O), N*(1236), and Y*(1385) 

are produced with cross sections 

(pK*+) 	= 9±30 

= 23 ± 3 b 

	

cr (*) 	= 	± 2 b 

• 	 (pK°Y) 	= 11 ± 2 b 

	

cY(pK+y*O) 	= 7 ± 1 b 

= 15 ± 2 Pb 	 • . 

Except for the low Kit effective mass region, the data are found to be in 

good agreement with a pion exchange model. 

* Work, performed under the auspices of the U. S. Atomic Energy Commission. 

* Present address: Universitt Heidelberg, Heidelberg, Germany. 

Present address: &'ookhaven National Laboratory, Upton, New York. 

+ Present address: University of California, Irvine. 

++ Present address: University of Colorado, Boulder, Colorado. 	. 
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I. INTRODUCTION 

1 
The inelastic proton-proton interaction has been studied most 

extensively in reactions yielding non-strange particles. Those results 

indicate that resonance production is dominant and that the reactions 

can often be interpreted as examples of pseudo-two-body production. 

Single pion exchange models have been generally successful in inter-

preting these data. Until recently, the strange particle data have 

been too sparse for any detailed analysis. The three-body strange 

particle final states have been investigated and the reported results 

indicate that pion exchange is probably an important mechanism in their 

production.28 The four-body strange states have been only incompletely 

or qualitatively studied previously. 2 ' 3 ' 5  

We present results for the reactions 	. 

pp-ApK 0 + 
	

(a)it 

ApKit° 	(b) 

InKit 	(c) 

produced by 6 BeV/c protons incident on the Alvarez 72 "  liquid hydrogen 

bubble chamber. Details of the 550,000 picture exposure at the Bevatron 

at LRL have been presented in another paper reporting results of the 

experiment and will not be repeated here. We find Y*(1385)  resonance 

production in all three final states and N*(1236)  and K*(890) production 

in reactions (a) and (b). A low mass enhancement in the Y*K system is 

observed in all reactions and has been interpreted as N*(1950)  produc-

tion proceeding via pion exchange. The latter result has been previously 

9  reported. 	 . 
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II. PROCESSING OF EVEWPS 

All the film was scanned once and approximately three-fourths of it 

was re-scanned. The topologies used in thi analysis were two-pronged 

events with eithei- one or two visible neutral Vt s. Events were measured 

with either Franckenstein or Vanguard measuring machines and fitted 

using the two-view reconstruction and fitting program PACKAGE. A small 

sub-sample of events was also processed with the three view TVGP-SQUAW 

program to check for possible biases in the fitting procedure. The 

identification of events in the two cases was invariably the same. 

Ebcamples of the reaction pp -> Z °pK°it were not included in the 

analysis because of the small number of events and rather serious 

biases. A fit to either b) or c) was accepted if the V °  fitted the 

3c A hypothesis and if the lc fit for the production hypothesis had a 

X less than 5.0. For reaction a), events with two visible V decays 

were accepted if the corresponding i-i-c fit to the production hypothesis 

had a confidence level greater than 0.005. In all cases, the predicted 

bubble densities for the two charged tracks at the production vertex 

were required to be compatible with those observed. Events which, 

after repeated measurement, failed to fit kinematics of one of the 

four-body reactions were considered to have two or more unobserved 

neutrals. 

Ebcept for a negligible number, all fitting ambiguities are among 

production hypotheses with the same observed neutra]i particle.. Ebccept 

0+ 00+ for ambiguities between the 4c fit ApK it and the 2c fit E pK it 

which are discussed below, events ambiguous among fits of different 

constraint class were assigned.to the hypothesis of higher constraint. 



-- 

Table I. Event totals and cross sections for pp four-body reactions 

containing a A. 

A 
Category Observed No. Corrected No. Cross section 

of events of events (rib) 

ApK°  959 990 64 6 

160 161 11 ± 2 

ApKt°  39 ± 6 

554 614 43 ± 

ApK° -EpK°g 59 42 

ApK0 -ApK °  71 71 

ApK° -AK Jr 41 36 

- 	20 - 	19 

50 55 

A + 2 prong + two or 118 1275 
more missing neutrals 

A. These are the corrected numbers of events after minimum length 

and projected opening angle cuts and corresponding weightings 

have been. applied to the data. 

4- 
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In Table I we give the observed number of events for each of the various 

categories. 

III. CROSS SECTIONS 

Corrections to the observed numbers of events were made to accomo-

date observational biases. The observed proper lifetime distributions 

for both A's and K° 's are depleted for times t < 0.2t, where t is the 

mean life-time, because of low efficiency for detection of V 0  decays 

near the production vertex. A minimum decay length cutoff of 1.2 cm 

and a corresponding weighting were applied to the sample to correct 

for this effect. Evidence for bias against A's with small projected 

opening angle was found in the angular distribution of the lambda 

decay. We define 4) to be the angle between the plane of the decay 

and a plane containing the A direction and a vector perpendicular to 

the plane of the chamber. Deviations from isotropy were observed in 

the distribution in 4), Fig. 1, indicating a bias against small projected 

opening angles. Only events with projected opening angle greater than 

three degrees were retained and weighted appropriately. The average 

weights for the length and projected opening angle corrections are 

1.11 and 1.23 respectively. Table I gives the corrected number of 

0 	
i events. Study of the K decay distributions ndicated an additional 

bias against detection of slow K° 's. Disagreement with the expected 

0+ 	0+ 	0+ branching ratios of 1/11/2 for (A)pK it /Ap(K )t /ApK 7t where paren- 

theses denote an unobserved neutral, reflects this bias. Reexamination 

of events which fit pp - Ap(K°) with missing K°  momentum less than 

500 MeV/c revealed missed decays in the chamber volume. After correction, 



the ratios of cross sections are satisfactory. Events were not weighted 

to correct for this bias since only 30 events were completely missing 

from the sample of 1000 events and no biases in effective mass distribu-

tions were indicated. 

The center-of-mass reflection symmetry of proton-proton collisions 

was exploited to determine evidence for biases in the data. First, 

we present evidence in Fig. 2a that the criteria for the assignment of 

events to the category of two missing neutrals gives a sample consistent 

with center-of-mass symmetry. This shows the distribution in the cosine.' 

of the lambda production angle in the overall center of mass using 

weighted events. The reference direction is defined by the beam proton. 

About half of the entire sample of events are in this histogram. The 

normalized curve is a rough fit to the data and is included only to 

indicate agreement with symmetry. Figure 2b shows the production 

angular distribution for A's in all the identified final states. Events 

of the channel AnKr+  show the greatest departure from reflection 

symmetry, as seen in the A production angular distribution of Fig. 2c. 

A scatter plot of cos 0 vs cos 
6n'  where 6A' O

n are the center-of-mass 

production angles with respect to the beam proton, shows 730 events with 

A and n in opposite hemispheres. Of these, 360 have cos 0A>  0, 370 

have cos 	0, consistent with reflection symmetry. Of the 178 events 

with A and n in the same hemispheres, only 60 have the two baryons 

together in the forward hemisphere. This is essentiafly the complete 

observed asymmetry. A source of contamination is the five-body state 

+ 00 
Apir (K rr ). About 150 examples of this reaction have been obtained 

with both K°  and A decays observed. The fraction of these events which 
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fitted the A(n)Kit hypothesis, after eliminating the K °  decay measure-

ment, and which were consistent with the bubble densities, indicates 

that the asymmetry can be solely accounted for by contamination from 

the channel Apit(K°it°). Except for 3  of 27 events, this falsely 

identified.sample populated only that quadrant having the event excess, 

i.e. that defined by cos e < 0, cos e < 0. These events showed no 

othir significant deviations from the effective mass and angular distri- 

+ + butions of the true events. Therefore, for the A(n)K it final state, 

only the cross section was corrected. In addition to those five-body 

events which fitted the AnKit hypothesis after removal of the K ° , a 

smaller number fitted the ApKit °  hypothesis. This sample was statisti-

cally insufficient for studying differential biases. Besides this 

source and. the pp - E°pK events ambiguous with the hypothesis 

+0 	 +0 	 ++ ApK it , we expect the ApK it and the AnK it events to be contaminated 

by four-body final states with E° 's. Unfortunately cross sections for 

0+- 	0 ++. 	-- 	 . pp -~ E pK it , Z nK it are unknown so the magnitude of this contamination 

cannot be determined. With the assumption that the relative production 

rate of E0  and A for each of these two four-body K states is the same 

as in the final states E0pK0it+  and ApK°it and that their production 

mechanisms are similar, the 	contamination In these K+  states is 

expected to be less than 8%. This number is based on the assumption 

that all of the ambiguities between ApK°it and Z°pK°it belong to the 

latter category, and is hence likely to be an over-estimate. In fact, 

judging from the center-of-mass angular distribution for ApKOlt+  produc-

tion it is probable that most of those events are truly A events. We 
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have shown in a previous article that this s the case for 

EOpK+ ambiguous events. Events ambiguous between two kinematic bypothe-

ses are included in both categories with a weighting factor of 1/2. No 

significant changes in mass and angular distributiOns are observed when 

this factor is varied from 0 to 1. The biases we have discussed contri-

bute relatively small numbers of events compared to the totals. 

Beam tracks were counted in 1,000 frames evenly spaced throughout 

the film yielding 5,090,000 ± 150,000 for the total number of noninter-

acting protons. The uncertainty given is not the statistical error but 

rather the average deviation of several measurements. Using a fiducial 

length of 125 cm., total p-p interaction cross section 1 0.6mb 0  and 

target proton density of (0.361 ± 0.007) 1023/cm3,we obtain 

= N1 (0.011-01 ± 0.001 11)th as the partial cross section for 

channel i. N. is the sum of the weights for the events in the channel 

and the uncertainty in N. is 

where w is the weight for the jj 
th  event. In making the path length 

determination, we have used 1.6 mb 11  as the cross section for unobserved 

low momentum transfer elastic scatters. Comparing two independent 

scans, an efficiency of 0.96 ± 0.02 was found. The production cross 

sections obtained for the various final states are given in Table I. 

IV. RESONANCE PRODUCTION 

Since the three final states ApK ° , ApKt° , and AnKrt each 
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contain the same hadrons differing only in their charges, we expect the 

dynamical mechanisms of their production to be related. With few 

exceptions., we indeed find the same general behavior in the data 
C 

for each state. Therefore, we discuss the three final states simul-

taneously. 

In Figs. 3, , and . we display the various N7r, Ait, and Kt effec-

tive mass spectra. All the established pionic resonances, Y*(1385), 

K*(890), and N*(1236) are present. We find evidence in all channels 

for peripheral production of N/2 (l9O) with subsequent decay into 

y*K. Analysis of this reaction has been presented elsewhere. 9  

In order to estimate the relative production rates of the pionic 

resonances, we have fitted the data for each final state to a sum of 

pure phase space plus resonance production. Although certain features 

of the data are certainly in disagreement with the simplifying assump-

tions of isotropic production and decay of the resonances, we neverthe-

less areable to estimate reliably the relative cross sections for 

N*, K*, and  Y* production. 

In four-body production where no correlation of the final state 

with the initial state is included, five independent variables are 

necessary to specify the final state. For each final state the 

experimental density was fitted to a function of the five kinematic 

variables, consisting of an incoherent sum of terms representing 

resonant processes and phase space, 	 . 

. X f(x) = 	aJM(x)I2p(x) 
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The 	are the relative intensities of the different processes, x .denotes 

the set of five independent variables, the IM i 1 2 are proportional to the 

corresponding Lorentz invariant matrix elements squared and p(x) is the 

phase space density. The normalization conditions are: 

f IM(x) 1 2p(x)dx1 .dx 	1 for each 

and 

N 

LJ 
j=l 

The 	were determined by a maximum-likelihood method. 

For the N*(126), K*(890), and y*(1385) resonance terms we use 

2 	m 	F(m) 
M. = const - p 	222 	2 2 (m -m) +m F (m) 

where m is the invariant mass of the resonant pair of particles and p 

is the momentum of either one in the rest frame of rn. The total width 

is used both in the denominator and numerator since all the resonances 

are nearly elastic. The constants are determined by the normalization 

conditions above. For N*(1236) and Y*(1385) we use: 

3 m (EB-1-mB) o 

0 	0 

	

F(m ) - p 	
(E-fmB) 

where E is the energy of the baryon in the resonance rest system, 1113  

is the mass of the baryon and p0  and E are the values of p and EB at 

the nominal resonance mass, tn. For K*(890) we use 

, 

F(m) _(L_)3 
m 

	

p 	
( 

o 2 

0 	0 
I! 
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Table II gives the results of fits for the relative intensities 

and corresponding cross sections. The errors quoted are estimates of 

the precision with which we determine the various relative intensities. 
t 

The resonance cross sections are seen to be in reasonable agreement 

with charge-independence requirements, which predict ratios of 9/2/1 

for AK°(N*++ 	 p °)/jc(N*+  - nir) and 2/1 for(K*+ -+ 

(K*+ - K+1t). The curves superimposed on the experimental histograms of Figs. 

5, 4 1  aiui5 show the mass distributions obtained with this model. Except 

for the Kit+ and K+it  mass distributions, the agreement is excellent. 

The enhancements seen in the low (Kit) +  mass region correspond to a mass 

of 725 MeV/c2  and a width of 70 MeV/c 2  There have been similar observa-

tions in different experiments, but interpretation of them as evidence 

for a resonance has been generally unconvincing because of inconsisten-

cies in production rates and observed widths. 12  It is possible that the 

effects are dynamically correlated with N*(1236) or Y*(1385) production. 

+ + Lack of an enhancement in the K + it  + mass distribution for the AK it state, 

where y*(185) production is strongest, tends to rule out Y * (1385) as a 

source. It may be important that the Kit enhancement is largest in the 

state where N*(1236) production is dominant and absent in the state 

where no N*(1256) is observed. Of course, a K-it interaction in I = 1/2 

only, would also account for this observation. In the corresponding 

predictions of pion-exchange model discussed below, the KOit+  

mass distribution (displayed in Fig. 12 f) fails to indicate any peak-

ing in the low Kit mass region. 

The Kit, Nit, and Ait effective mass distributions are in rather good 

agreement with the above model. Since we assume isotropic production 
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Table II. Resonance cross sections for pp - MKit at 6 BeV/c. 

y*(1385) 	N*(1236) 	K*(890) 	Thckground 

+ 
ApK

0 
 t 

Relative Fraction 	0.18±0.02 	0.36±0.011 	0.10±0.03 	0.36±O.Q4 

Cross section (rib) 	11±2 	23±3 	 6±2, 	23±3 

+0 ApK it 

Relative Fraction 	0.19±0.03 	O.l0±O.O4 	O.O4±O.02 	O.67±0.O 1I 

Cross section (pb) 	7±1 	 4±2 	 2±1 	26±11 

J\flK+it+ 

Relative Fraction 	0.3±0.02 	0.0 ±0.03 	-- 	 0.66±0.03 

Cross section (rib) 	15±2 	0±1 	 -- 	29±3 
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and decay of resonances we expect angular distributions and some 

effective mass distributions not to agree with the model. The AN mass 

distributions are in gross disagreement; for example Fig. 6 gives the 

Ap mass distribution for the ApK 0 + r final state. 

V. ONE-PION EXCHAJ]GE 

Those features of the data which are sensitive to the production 

and decay angular distributions of the resonances can be included in 

the framework of a single particle exchange model. Although several 

particle exchange processes can contribute to the amplitude for each 

reaction, we make the assumption that only pion exchange is present 

and do not consider other processes such as kaon. exchange. We have 

shown in an earlier paper that pion exchange alone isa good description 

for three body strange particle final states. The exchange model is 

found to give a satisfactory description of the present data as well. 

Fig. 7 shows the possible single pion exchange diagrams. The 

diagram of Fig. 7a requires fewest assumptions for the calculation 

since the vertices involve only two-body scattering processes. The 

Nt cross sections are known very well and the AK cross section has 

been fairly well studied. The amplitude of diagram 7b can be separated. 

into contributions from Figs. 7c, d, e assuming that the only reso-

nances produced are K*(890) and Y* ( 1385). The cross section for a 

final state is then calculated as an incoherent sum of squares of the 

corresponding amplitudes for the four diagrams (a), (c), (d), and (e). 

Contribution to the amplitude from the diagram obtained by interchange 
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of the two initial state protons is included. This gives just a 

factor of two in the cross section with neglect of interference terms, 

justified by the strongly peripheral character of the reactions. 

For the calculation of the diagram 7(a) we follow Saizinan and 

Salzman13  and assume that both vi±ual pion interactions can be repre-

sented by the real pion cross sections at the same total energy. The 

differential cross section is then 

d7a 	 1 	1 	1  
-()2 

 (t2)2 dflN kN 

•:: 

Here 

mN and MAK 	are the effective masses of the pairs of particles. 

t 	 is the square of the four-momentum transfer between 

the initial proton and. the Nt system. 

eN 	 is the angle between the initial proton and the final 

state nucleon in the Nt rest system and 

is the corresponding azimuthal angle of the nucleon 

about the initial proton direction. 

and 	are defined analogously to 0 and
AK 

p and E 	are the momentum and energy of either initial state 

proton in the overall center of mass. 

daN 	do 	
are the experimental differential cross sections for 

and d2 
Nir 	 - Nit and irp - AK respectively. 

kNit and kAK 	are the momenta of real pions in the center of mass for 

the reactiOns irp - Nit and irp -* AK at total energies mN. 
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and mAK respectively. 

	

• 	The experimental 7rp -, irN cross sections were calculated frOm a 

14 

	

• recent phase shift analysis 	In the energy range needed for 

our four-body states, these cross sections are dominated by N*(1236) 

production. The various irp - AK differential cross sections we use 

are taken from reports listed in reference 15. 

For the process describing Y*(1385) production we use 

d7a 
dmdw2dtdc osOd4dc osOAdA 

	

• 	2 	-a(t+m) 	 di 	 p Gle 	t 1 	__ 	A 	PAIr  
22 	- 2kw 	(w,eM)___ 2 	 y(w)  16t (t+m) 	() 	dç 	m 	(m-m 22 22 ) + mP 

where 

2 '(w-m) 

	

i 	 A5rA 	2 
y(w)J 

(mA+m) m (m-m) + mF 

2 

	

G 	 0 	 + = 15 for r exchange, = 30 for it exchange. 

	

w 	is the effective mass of AKt system. 

	

k 	is the c.m. momentum of a real pion in the initial state for 

rp -* AK7r at total energy W. 

	

t 	is the square of the four-momentum trarsfer between initial 

state proton and final state nucleon. 

and 	are the angles describing the Asr system defined in theAir 

AKjt rest system. 

and A •• are the angles describing the A in the Ar rest system. 
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d*(w,e) •is the differential cross section for Y*(1385)  production 

at total energy w. 

p 	 is the momentum of the Ast system in the AKit rest system. 

PA 	
is the momentum of the A in the Ait rest system. 

m0  and 1'0 	= 1.385 BeV/c2  and 0.00 BeV/c2 , respectively. 

-a(t+in2 ) 
The factor e 	was included to obtain agreement with the 

four-momentum transfer distribution in the ny* 4X+ final state. We find 

a = 1.0 (BeV/c) 2  adequate for all three final states. 

The momentum dependence for the * decay could also include a 

p wave decay facto.r but since the * is narrow the results are not 

sensitive to this factor. 

Similar expressions are used to describe K*(890) production, with 

resonance parameters m0  = 890 MeV/c2 , I= 50 MeV/c2 . The factor 
- a(t-fm) 

e 	is omitted as unnecessary for a good fit to the data. 

To describe the non-resonant background, we assume rrp - AKic to be 

described by pure phase space. This assumption is clearly not valid 

at high values of AKit mass and neglects the low mass AK interaction 

which is probably present. The background cross section we use is then 

d7 cr 	 G2  1 	t  

dmdw2dtdcosedMdcoseAdA = 	16 (t2)2 _2 kwcr 
	- A(w) 
AA 

- 	 m 

where 

(w_mk) 2  

1 = 16rr2f 	At A 
A(w) 

(m
A 

 +m t
)2 

a(w) is the up - AKut cross section at total energy w. The other defini-

tions are the same as before. 
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The energy dependence of the total cross section for it°p -* 

0 	+ 	0 
it p - y*

n 
, and it p - AJ*+ , as well as their angular distributions, 

are needed for the calculation of production cross sections for the 

0+, 	+ 	 + states ApK it and ApK it • In addition, it p - Y*+K+ data are required 

to calculate the AnK+it+ rate. The it°  cross sections were obtained from 

the following isotopic spin relations: 

ci(
0 0 

it 
 + 

it 
- 0 it  0 itp -*AK ) =r(p-3AK) 

and 

	

o 	+0 	Jr + 	++ 	- 	+ 	- 	00 oic p - AK it ) = l/21a(ir p '- AK it ) + a(it p - AK it )-a(it p - AK it ) 

The available data are shown in Figs. 8, 9, 10, and 11. The smooth curves 

drawn through the measured values of total cross sections are qualitative 

representations of the variation with energy. They provide interpolated 

values of cross sections used in the pion-exchange calculation. Using 

the experimental data of Fig. 11 for it_p - AK* 0  and charge independence 

requirements, the K* production cross sections of Figs. 8 and 9 were 

determined. The curves of * production cross section are somewhat 

crude fits to the sparse available experimental data and the background 

curves were obtained by subtraction. No it_p - Y*0K0  production angular 

distributions are available in the literature. Therefore, we have used 

angular distributions derived from the present data for Y* production. 

For K*(890) production, experimental differential production cross 

sections are used. 

We have fitted the data for each final state to the predictions of 

the single pion exchange model. The relative intensities obtained for 

the different processes are in excellent agreement with those found in 

the fit described in Section IV. The calculated cross sections given 



in Table III are not in agreement with our measured cross sections. 

Since one can introduce form factors which do not significantly alter 

the shapes of distributions, but result in rather different total cross 

sections, we do not take this discrepancy as evidence of failure of the 

model. 

We compare our experimental distributions with the pion exchange 

model. All calculations of experimental quantities, such as scattering 

angles, which require specification of an initial state proton were 

niade by associating with any final system that proton with the smallest 

momentum transfer to the system. This same selection was included in 

the Monte Carlo calculations. We find less than 17%  of the Monte Carlo 

events required interchange of initial state protons for the calculation 

of distributions. In Figs. 12, a through j, we display the six two-body 

and the four three-body effective mass distributions for ApK 0 + it . We 

find similar agreement for the other channels not shown. In all the 

histograms we include the pion-exchange prediction with each contribution 

separately indicated. 

0+  
We will discuss only the ApK it final state since agreement with 

the model is somewhat better than for the other channels and the input 

data is of higher quality. This is the channel with the largest number 

ofevents and least contamination. As discussed a1ove, the low TC 

effective mass region is not fit well by the model. The fit to the 

effective mass, shown in Fig. 12e has been shown to be improved 

by inclusion of off-mass-shell corrections, such as those of t1th'r and 

Pi1kuha These tend to shift the resonance peak to a slightly lower. 

value and result also in a somewhat narrower effective width for the 
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Table III. 	One-pion exchange predicted cross sections for pp - AIKit at 
6BeV/c. 

y*(1385) 'N*(1236) K*(890) Background 

ApK°  21 jAb 28 pb 3k4b 
'a iib (no form 

factor) 

ApK° 8 	b (0rm 
6 	b 14 pb 20 	b 

22tb (no form 
factor) 

.ib 46 	tb 
10 .p.b (no form 

factor) 
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resonance. 

Further, more critical tests of the adequacy of the one-meson-

exchange model were made by comparing angular distributions with 

predictions. This is a sensible procedure only if there exist 

reasonably accurate on-mass-shell pion reaction data. As discussed 

above, this is true only for the ApK°ir state. In Figs. 13 and 14 

we plot the angular distribution of the proton in the pr rest system 

and the A in the JSKD  rest system. The reference direction in both cases 

is the momentum transfer to the two-body system. Satisfactory agree-

ment is obtained. Thus the off-mass-shell scattering and production 

angular distributions are well represented by on-mass-shell exeri-

mental data. 

Another test of the model is the Treiman-Yang angular distributions. 

We compute the angle between the normal to the plane containing the 

K momentum and momentum transfer in the AKrc center of mass and the 

normal to the plane of the incident and recoil nucleons. This angle 

has the meaning of the usual Treiman-Yang angle for those events which 

are produced by the exchange diagram 7b and so has a simple distribution 

for those events not containing N*. All events are included in the 

distributions shown in Fig. 15.  The curves shown include the effects 

of diagram 7a, i.e. they include the distribution in this angle for 

events containing N*(1236) as well. Comparison with theory of the 

Treiman-Yang distribution for all events is therefore a test of the 

entire model. Again agreement with the model is quite good. Finally, 

in Fig. 16 we show the distribution in momentum transfer to the final 

0+ state proton for all events identified as AK it . The data are well 
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fit by the model over the complete range of momentum transfer. Similar 

results are observed in the other final states supportthg the conclusion 

that the data are well represented by the one-pion exchange model. 

CONCLUSIONS 

Resonance production via quasi-two-body and three-body channels 

contribute strongly to strange particle production in four-body final 

states. A simple one-pion exchange mechanism including empirical 

form factors gives predictions in good agreement with the data. 
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FIGURE CAPTIONS 

Fig. 1. Azimuth angle distribution of the decay proton for all A'S 

with path length greater than .1.2 cm. 

Fig. 2. Production angular distribution in the p-p center-of-mass for 

(a) events with two or more missing neutral particles, (b) all 

four-body events with a visible A and (c) events identified 

++ 
aspp -AnKt. 

.Fig. 3. Square of the effective mass of the Nx combination for the 

final states (a) ApK°ir (1170 events), (b) ApKr°  (708 events), 

and (c) AnKr+ (791 events). The curves are the theoretical 

distributions calculated with the phase space plus resonance 

model described in the text. 

Fig. I. Square of the effective mass of the A3t combination for the 

final states (a) ApK° JT, (b) ApK+ICO and (c) AnKr. The curves 

show theoretical distributions obtained with the phase space 

plus resonance model. 

Fig. 5. Square of the effective mass of the Kr combination for the 

final states (a) ApK°7r, (b) ApKir°  and (c) AnKt. The curves 

show theoretical distributions obtained with the phase space 

plus resonance model. 

Fig. 6. Effective mass of the Ap combination for the final state 

0+ 
ApK it . The distribution obtained with the phase space plus 

resonance model is shown in the smooth curve. 

Fig. 7. One pion exchange diagrams used in the calculations. 

Fig. 8. Cross sections for (p -+ 	as a function of incident pion 

lab momentui. Experimental values of total cross sections and 
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y* production are shown. The smooth curves are described in 

the text. 

	

Fig. 9. Cross sections for 	 as a function of incident pion 

lab. momentum. Ecperimenta1 values of total cross sections 

and * production are shown. The smooth curves are described 

in the text. 

	

Fig. 10. Cross sections for 	- 	vs incident pion momentum. 

Boxes indicate measured total cross sections; inscribed 

triangie.s are measured * production cross sections. At 

the two lowest momenta, the data are reported to be completely 

production. The curves are described in the text. 

Fig. 11. Total cross sections. for tp - A0K*0  vs incident pion momentum. 

The.interpolated curve is discussed in the text. 

Fig. 12. Effective mass distributions for all two-body and three-body 

0+ combinations in the final state .ApK Tr . The curves super- 

imposed on the experimental histograms are pion-exchange model 

predictions, calculated with Monte Carlo methods. 

Fig. 13. Angular distribution of the proton in the p rest system for 

the final state ApK°it. The angle 6 is between the proton 

direction and the momentum transfer to the p:yr +1 
system. The 

curves show pion-excbange predictions. 

Fig. 14. Angular distribution of the A in the AK°  rest system for the 

final state ApK0 . The angle 6A 
 is between the A direction 

and the momentum. transfer to the AK system. 

Fig .. 15.  Distribution of the Treiman-Yang angle for examples of the 

0+ 
reaction pp - ApK r . The angle 0 TY 

 is between the plane 
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containing the incident and final protons and a plane contain-. 

ing the K momentum and the momentum transfer to the AKit system, 

calculated in the AKrr rest system. The curves show the pion- 

• 	 exchange model prediction. 

Fig. 16. Distribution of square of four-momentum transfer to the proton 

in the reaction pp  p01+• 
The curves show the pion-excbange 

model predictions. • 
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This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or 
Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or con tract 
with the Commission, or his employment with such contractor. 
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