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ABSTRACT
 

Results are presented from a study of inclusive neutral 

strange particle production by a 147 GeV/c tagged TI
+

/K
+
/p 

beam in the Fermilab 30-inch hydrogen bubble chamber. The 

experiment made use of the proportional hybrid spectrometer 

-
system. Results are based on 995 K;, 485 A, and 83 A found 

in a sample of 132,000 pictures. Cross sections are given 

for inclusive production of these particles by each of the 

three beam particles, and comparisons are made with measure

ments at ~ther energies. Topological cross sections are 

also calculated, and KNO multiplicity scaling is investigated. 

Distributions are presented of invariant cross sections as 

functions of the Feynroan scaling variable x and center of 

mass rapidity y. The transverse momentum-squared distri 

butions with their fitted slopes are also given. Comparisons 

are made of the production characteristics for the three 

beam types. 



I. Introduction 

We have performed a study of inclusive neutral strange parti

+ +cle production by a tagged n /K /p beam of 147 GeV/c momentum. 

The experiment was carried out in the Fermilab 30-inch hydrogen 

bubble chamber using the hybrid spectrometer system. In this 

paper We report results of the following reactions: 

'IT
+

P + K + ani thing (1 ) 
S 

K+p -+ K + anything (2 ) s 

"' pp + K + anything (3)s 

'IT
+

P -+ A + anything (4 ) 

K+P + A + anything (5 ) 

pp -+ A + anything (6 ) 

+ 
n p -+ X + anything (7) 

K+P + i\ + anything (8 ) 

pp -+ X + anything (9 ) 

At high energies, neutral strange particle production has been 

studied "in pp collisions at 100 GeV/cl,2, 200 GeV/c 3,4, 300 GeV/c5,6, 

and 400 GeV/c 7• However, there is only one such study in n+ colli

. 1 d 
s~ons an none in K+p. This experiment represents the first 

attempt to measure inclusive production at Fermilab energies for 

all three types of beam particles in the same experiment. We are 

able to make comparisons among different beam types at the same 

energy with the same systematic errors. 

In Section II of this paper we discuss the experimental appara

tus and the beam, the scanning, measuring and reconstruction 

procedures, and the event selection criteria. In Section III we· 
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give total inclusive cross sections for reactions (1) - (9). We 

also give topological cross sections for reactions (1) - (4) and 

(6). In Section IV we present inclusive distributions for all 

reactions. We show the invariant cross section 

where the Feynman scaling variable x = 2P L
*/ IS, E* is the energy of 

the produced particle in the center of mass, IS is the total center 

of mass energy (about 16.6 GeV), PT is the transverse momentum, 

*and PL is the longitudinal momentum of the produced particle in 

the center of mass. We also show the distributions of 

where the center of mass rapidity y is given by 

E* 
= 1 1nY 

2 E* 

Finally, we present transverse momentum-squared distributions and 

their slopes. 

II. Experimental Procedure 

The experiment was performed in the Fermilab 30-inch hydrogen 

bubble chamber with proportional wire chambers (PWC) located both 

upstream and downstream. Details of this hybrid spectrometer 

system have been previously published8,9. Briefly, the upstream 

+PWC's and a differential Cerenkov counter allowed tagging of n , 

K+ and p in the incident beam. The downstream PWC's were used for 
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momentum measurements of fast forward particles from the primary 

vertex of an event. The downstream system also included a muon 

counter and a y detector. The bubble chamber was enveloped by a 

25 kilogauss magnetic field. 

The beam consisted of 147 GeV/c positive particles. Two 

runs were made during the course of the experiment. In the first 

run, comprising 158,000 pictures, the composition of the beam was 

+ +approximately 47% TI , 4% K and 49% p. In the second run of 

+ +240,000 picutres, the composition was 59% TI , 10% K , and 31% p. 

There Were an average of 6.5 beam tracks per frame. The results 

presented here are based on 132,000 frames, with contributions 

from both runs. The overall beam composition for events from the 

current sample is 47% TI+, 7% K+, and 46% p. This is the first paper 
,."", 

from this experiment (E299). 

The film was scanned for all beam track interactions in a 

fiducial volume chosen to allow enough length for the beam to check 

its direction. Vertices of primary interactions and vees were 

digitized by scanners. Approximately 30% of the events were not 

measured, either because an excessive number of tracks entered the 

fiducial volume or because the frame contained more than two events. 

Events that Were predigitized were subsequently measured by PEPR 

in a semi-automatic mode. The program GEOMAT was used to perform 

view-to-view track matching and space reconstruction. Reconstruction 

of tracks in the PWC's and beam track identification was done by 

the program PWGP. Correlation of bubble chamber and PWC information 

to obtain final track four vectors was performed by the program ~ 

TKORG. 
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About 25% of the events in the first run, and 11% in the 

second run, were discarded because the beam track could not be 

identified by the existing PWC data. Of the remaining events, those 

which underwent measurement failures were remeasured (twice if 

necessary) in the entire sample of film reported here. A total of 

18044 primary interactions were obtained, including 3976 neutral 

vees. Table I gives the number of events found for-each beam type 

corrected for all detection losses, along with the corresponding 

microbarn equivalents, obtained by normalizing to the total 

inelastic cross sections. l O 

For the vees a minimum length cut of 3 cm in space from the 

primary vertex was imposed. In addition a decay volume was defined 

in such a way as to maximize the volume visible in all three views. 

This volume was bounded by ten planes, two of which were parallel 

to the front and back glass surfaces but displaced 5 cm into the 

chamber in order to provide adequate length for decay track 

measurement. The scan efficiency for finding neutrals was deter

mined to be 91 ± 3% by doing a second scan on about 20% of the film. 

Kinematic fitting of the vees to the primary vertex was 

accomplished with the program SQUAW. For each vee, three-constraint 

(3C) and lC fits Were attempted corresponding to the following 

hypotheses: 

+ K + 7T 7T 
S 

A + p1T

- - +A + P7T 

+ 
Y (p) + (p) e e 
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A total of 3452 vees made successful 3C fits with a X2 less than 

25. A much smaller number of vees (166) made lC fits with X2
 

less than 5, but failed to make successful 3C fits. If there was
 

an angular difference between the measured and fitted neutral of
 

less than 60 milliradians, then the neutral was included in the
 

final data sample. These veeS failed the 3C fit because errors
 

on the vertex coordinates were under-estimated by GEOMAT. Inclusion
 

of these le fits did not appreciably alter the shapes of inclusive
 

distributions. The quality of all fits was checked by examining
 

2x distributions and "pull" distributions of residual errors. These
 

were found to have roughly the expected shapes for a correct
 

assignment of errors.
 

Out of 3618 total fitted neutrals, there were 642 vees that
 

had ambiguous fits. Table II gives the numbers of unambiguous
 

and ambiguous fits. For about half of the ambiguous neutrals, the
 

2relative X probabilities differed by a factor of ten or greater, 

which permitted a clear resolution of the ambiguity. The trans

verse momentum spectrum of the decay tracks of strange particles 

with respect to the neutral line of flight is Sharply peaked at the 

kinematic maximum. since this distribution is peaked at zero for 

y conversions, this quantity provides a clear separation of 

'ambiguous fits. If the transverse momentum of the negative decay 

track was less than 20 MeV/c, the neutral was assigned to the 

y sample; otherwise, the competing strange particle fit was 

chosen. The strange particle ambiguities were resolved by
 

examining distributions of cos where 8 is the angle between .,
8cro' c m
 

the neutral line of flight and the direction of either decay product
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in the rest frame of the neutral. For the spinless K , this diss -

tribution must be isotropic, and also isotropic for the A and A 

if they have no longitudinal polarization. Selections were made 

on relative X2 probability ratios in such a way as to render these 

decay angular distributions roughly isotropic. Figure 1 shows 

these distributions for the K and A. A further check was provideds 

by examining the transverse momentum distributions of the negative 

decay track. These were found to have the expected shapes. We 

estimate that the K sample has about 6% contamination of A or s 

Ai the A sample includes about 1% y and about 8% K s contamination. 

-
The contamination in the A sample is around 25%. The final sample 

-
consists of 995 Ks' 485 A, and 83 A. 

III. Total and Topological Cross Sections 

As indicated in Table I the microbarn equivalents for the data 

sample were determined by normalizing the weighted numbers of 

events found for each beam type to the total inelastic cross section. 

To calculate the inclusive cross sections for neutral strange parti 

cles, each vee was weighted to account for scan inefficiency, 

measurement and geometry reconstruction losses, detection ineffici 

ency due to the imposition of the minimum length cut and decay 

volume restriction, and neutral decay modes. However, no correction 

was made for the contribution from and no attempt was made toKL, 

resolve the A_Eo ambiguity. The average weight was 3.4 for K ands' 

3.3 for A. Table III gives the total inclusive cross section for 

each of the nine reactions studied in this experiment. The quoted 

errors include estimates of the uncertainty in each of the 
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corrections made, and the uncertainty in the procedure for resolving ., 

ambiguities, in addition to the statistical error. 

In Figure 2 we compare our values of the total inclusive cross 

. . h d h . 11 h hsect10ns W1t ata from ot er energ1es. T e K results are s own s 

in Figure 2(a). Most other data at high energies come from pp 

experiments. Our result is in excellent agreement with the rising 

trend exhibited by the other experiments in the laboratory momentum 

range of 70-300 GeV/c. Our K cross section for ~+ agrees with an s 

experimentl at 100 GeV/c which is the only measurement above 25 GeV/c. 

Data for K production in K+P is only available up to 32 GeV/c. As s 

indicated in Figure 2(a) these data show a much larger value for 

+the cross section than for ~ p or pp, but a gentler energy dependence. 

Our value at 147 GeV/c is comparable to the pp cross section, but 

the error bars do not permit a meaningful quantitative comparison. 

Furthermore, there are systematic problems involved in detecting the 

fast-forward KO decays from diffractive beam dissociation. It is 

unlikely that the entire K cross section from K+ has been measured. s 

We will return to this point in Section IV. 

Figure 2(b) shows r:esults for the inclusive A. The pp.data 

appear to level off above 70 GeV/c, a pattern that is confirmed by 

our experiment. Our value for n+p is consistent with that for ~ p 

in this energy range. The K+P results at lower energies indicate 

a rapidly rising cross section with energy. From 8 to 32 GeV/c the 

cross section rises by a factor of three. Our value at 147 GeV/c 

is about twice as large as the one at 32 GeV/c. 

-The inclusive A results are shown in Figure 2(c). Despite 

the large error bars, it is apparent that all the cross sections 
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-

are rising sharply. Furthermore, the inclusive A cross section 

appears to be around half the inclusive p production rate for pp 

collisions at energies above 50 GeV/c. 11 The p rate is indicated 

by the solid line in Figure 2(c). This result is in agreement 

with various constituent model predictions of strange quark pair 

production relative to non-strange production. 1 2 Our results are 

in agreement with this trend. 

Tables IV and V give the topological cross sections by beam 

type for inclusive K and A production respectively. Figure '3 s 

shows the average number of K and A per collision as a function of s 

topology for'reactions (1) - (4) and (6). In the cases of reactions 

(4) and (6), only those lambdas produced in the backward hemisphere 

in the center-of-mass system are included in Figure 3. The lines 

shown represent the best linear fits to the data. For reaction (2) 

the point at n has been omitted from the fit because of the ch=2 

loss of fast, forward, diffractive Ks• The slopes of all the fitted 

lines are consistent with	 zero; however, only the fits to A pro

2,duction yield reasonable X as shown. Therefore, it can be con-

eluded that, within the experimental errors, A production is 

independent of charged particle multiplicity. This agrees with the 

hypothesis that A results primarily from target fragmentation while 

most of the charged particles are produced in the central region. 

The result for K; production can be contrasted with that for 

A. Although the slopes of the best linear fits to the K data ares 

consistent with zero, the chi-squares are poor, and an examination 

of Figure 3 indicates that <Ko> does not fit to a straight line. s n 

The nature of this dependence is not clear, and the variation .of 
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<KO> with mUltiplicity is discussed in greater detail in reference l-Js n ~ 

The average number of A produced per inelastic collision in the 

backward hemisphere is the same, within experimental errors, fo+ 

reactions (4) and (6), 0.06 ± 0.01 and 0.07 ± 0.01 respectively. 

This is consistent with the result in Figure 3, since target fragmen

tation should proceed in the same manner, regardless of beam type. 

However, the average number of K produced per inelastic collision s 

is 0.15 ± 0.01 for the proton collisions, 0.21 ± 0.02 for the 

+ +TI beam, and 0.21 ± 0.03 for the K beam. For reaction (2), the 

K
S 

with rapidity> 1.5 have been excluded from this calculation 

in order to concentrate on central region production. This 

difference in <K > seems to indicate that the two mesons produces 

more K in the central region than do proton beams. This result s 

has previously been observed in charged particle production by 

different beam types, although the effect was not as pronounced as 

it appears to be in K production. One explanation for the highers 

multiplicity of particles in meson collisions than that from proton 

beams may be derived from constituent model considerations. If 

mUltiparticle production is a result of constituent interactions, 

then the available energy of the constituents involved in a meson-

proton collision is presumed to be higher than that for proton-

proton collisions. Empirically it has been observed that average 

mUltiplicity increases with available energy. Therefore, one 

expects higher mUltiplicities from the more catastrophic meson-

proton interactions. Another possible reason for the discrepancy 

is the contribution from the quark-antiquark annihilation process 

which is allowed in the meson interactions and absent in proton 
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collisions. 

Figure 4 shows the topological cross sections plotted according 

to the semi-inclusive Koba-Nielsen-Olesen (KNO) scaling equation1 4 

<n > c 
<n > v 

where <n > and <n > are the average numbers of charged particles and c v 

vee particles respectively, crn(v) is the inclusive topological cross 

section for production of the vee with n charged prongs, cr. 1 isJ.ne . 

the total inelastic cross section, and ¢ is (presumably) an energy-

independent function, as indicated in Figure 4. 

Cohen has plotted results from pp collisions in the energy range 

I S 69 - 303 GeV/c for K production and 69 - 20S GeV/c for A production.s 

These data indicate that there is little or no energy dependence of 

the function ~, as predicted by the KNO scaling hypothesis. In 

Figure 4(0), we show the results from this experiment only. Our 

data from pp collisions agrees with that reported by Cohen, and 

this experiment shows no detectable difference in the data from 

different beam types at the same energy. Furthermore, there appears 

to be no significant difference in the data between K and A pros 

duction. There is no reason to expect that the function ¢ would 

be the same for these two particles, since they are produced by 

quite different mechanisms. The K production occurs predominantlys 

in the central region of rapidity space, due presumably to the 

combination of two II s e all quarks. However, A production is the 

result of target fragmentation, and is generally supposed to be the 

combination of two of the valence quarks of the proton with a sea 
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quark. In addition A production is very nearly multiplicity-

independent, while K appears from Figure 3 to vary with multi s 

plicity. Therefore, it is somewhat surprising that the two sets 

of data in Figure 4 appear to be so nearly the same. 

IV.	 Inclusive Distributions 

A.	 Longj.tudinal Variables 

In analyzing the K production in this experiment, it is s 

appropriate to begin with the results from the proton beam for 

several reasons. First, the symmetry inherent in the longitudinal 

direction of the initial center-of-mass system requires the distri 

bution of any final-state particle to be sYmmetric about y = o. 

Since this experiment was performed in a small bubble chamber at 

very high energy, this expected symmetry provides a necessary check ~ 

to determine that bias in the forward direction is properly 

corrected using the longitudinal distributions of the neutral 

particles studied. In Figure 5 the weighted rapidity. distribution 

for reaction (3) has been folded about y = 0 and plotted on the 

2 f' f d h .same.sca1e. A X ~t was per orme to t e we~ghted average 

of the two, and it was determined that the two halves of this dis
2

tribution are the same with a X of 3.2 for 8 degrees of 

freedom. Therefore, we may conclude that the event weighting scheme 

adequately corrects .for the systematic bias against the detection 

of neutrals with rapidity between -2 and +2. 

A second reason for beginning with the K produced from the s 

proton beam is that experiments with proton beams have been done at 

. 1-7 ~ energies above and below the energy of this exper~ment Therefore, 

the results could be compared with those of other experiments. There 
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are no other data on results from K+ production of K at these s 

energies, and there has been only one TI+ beam experiment, at 

ioo GeV/cl• Some experiments have been done with a TI beam, and 

comparisons will be made with these experiments when appropriate. 

In Figure 6a the rapidity distribution in the backward hemi

sphere of K produced in pp collisions at 147 GeV/c (this experis 

ment) is compared with the distribution of K produced in pp collis 
6•sions at 300 Gev/c These plots clearly indicate that K pros 

duction occurs in the central region of rapidity space. The 

shapes of these two curves are the same, and there is no indica

tion of a central region plateau in either one. The formation 

of the central region plateau with increasing energy should be 

characterized by the broadening of the central region. This is 

not the case here, so it may be concluded that, at presently accessi

ble energies, there is no indication of the central region plateau 

expected as a consequence of the mUlti-peripheral model. 

The backward hemisphere Feynman x distributions of K pros 

duction from pp collisions at different energies are presented in 

16•Figure 6b From this collection of data it may be conjectured 

that scaling in the Feynman x variable has begun by 150 GeV/c in 

pp collisions, possibly by 100 GeV/c. The scaling is approached 

from below; that is, as the energy of the beam increases, the 

height of the distribution also increases, until there is no 

observable change in the distribution from about 100 GeV/c to 

300 GeV/c. 

The rapidity distribution for K 'production from TI+ beams at s 

147 GeV/c is plotted in Figure 7a, along with the distribution from 

13 
TI beams at the same energy The distributions are identical, 
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within the experimental uncertainties, indicating that K production ~ s 

may proceed via the same. mechanism in ~+p and ~-p collisions. 

Figure 7b shows the Feynman x distribution for inclusive K s 

production at 147 GeV/c in ~+p collisions. This plot makes it 

obvious that K production in ~+p collisions is not sy~etric s 

about x = 0, but has a larger cross section for x > 0 than for 

x < o. This forward shift has been observed before, as indicated 

1 7 
by the data on the same graph from an 18.5 GeV/c ~ p experiment

In Figure 8 the rapidity and Feynman x distributions for K s 

production from reaction (2) are shown. Although the experimental 

uncertainties for these distributions are larger than those for 

reaction (I) and {3} due to lower statistics, several observations 

may be made about these spectra. First, one expects a large 

contribution to the inclusive K cross section from diffractive s 

beam dissociation events Where the initial strangeness of the 

beam is carried through as a fast K. From this figure, it appearss 
as if the beginning of the forward peak is visible; however, 

there are several systematic reasons for the fact that we have 

been unable to observe the fast K in this data sample. The number s 

of K+ beam events is small, and the very fast K produced will s 

almost always decay outside the bubble chamber. A crude calculation 

shows that, in the data sample used, one expects to see only one or 

two of these fast K Just one K in the chamber with a momentums• s 

of 120 GeV/c would add approximately 0.7 mb to the K cross section,s 

increasing it by over ten per cent. 

One other observation may be made about the K distributions. s 

For the rapidity region y < 1.5 and the Feynman x region x $ 0.2, 
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+ . + r- the K spectra from the K beam match those from the ~ beam. The s 

heights of the plots at x = 0 and y ~ 0 are the same, and they fall 

off from zero at the same rate. This implies that the production 

of central region K is the same for ~+p and ~-p collisions as it s 
is for K+P collisions. 

One expects the inclusive production of A to occur mainly in 

the target fragmentation region, and this is seen in plots of 

Feynman x in Figure 9 for reactions (4) - (6). It is evident that 

there is a peak in inclusive production at x - -0.5 or -0.6 for 

all three types of beams. Furthermore, there is some central region 

production of A and the height of the Feynman x distribution at 

x = 0 is approximately one-half of that of the backward peak in all 

three beam types. In fact, the three plots are similar to one 

another, and, within experimental errors, the shapes appear to be 

consistent with one another, apart from the overall normalization. 

The production of A from the proton beam should be symmetric 

about x = 0, but we observe that this is true only out to about 

x = 0.4. This is another result of the systematic bias against 

detection of fast-forward neutral particles. The backward hemisphere 

distribution of Feynman x for pp collisions at different energies 

is shown in Figure 1016• From this figure, it is evident that 

Feynman scaling in inclusive A production by protons has been 

achieved by a lab momentwn of at most 100 GeV/c. 

In Figure 11, the backward hemisphere rapidity distribution 

for A produced from proton beams in this experiment is compared 

with that at 300 GeV/cG• From this plot it is difficult to 

determine whether the rapidity distribution is expanding with energy. 

With the notable exception of the point at lowest rapidity, the 
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points at the two energies are consistent with one another. One 

does not expect much variation with beam energy of the A produced 

from target fragmentation. However, the peak of this component. 

should move farther from y = 0 as energy increases, and the 

centrally produced A should expand with increased energy. The 

data presented in the figure are inconclusive, and resolution of 

this matter depends on either higher statistics experiments or 

future experiments at higher energies. 

Rapidity distributions for reactions (4) and (5) are shown in 

Figure 12, along with that from the ~ e~eriment done at the same 

energy13. The two pion experiments are consistent with one another, 

within experimental errors. As with the centrally-produced Ks' the 

target-fragmentation and central A produced by meson beams are 

quite similar. 
-The A rapidity distributions for this experiment are shown in 

Figure l3a, and the Feynman x distributions are shown in Figure l3b. 

From these plots, it is evident that A production takes place in 

the central region. The heights of the plots at y = 0 and at x = 0 

are consistent with being the same for the two meson beams, as well 

as being consistent with that from the ~ experiment at the same 

energy. The same result was observed in K production, which also s 
occurs in the central region. The cross sections for both K and s 

Aproduction are rising at these energies, and there is no evidence 

in either case for a central region plateau. 

It is interesting to note that the values of da/dy at y = 0 

for AO are consistently higher for each beam than the corresponding 

values for A. This indicates that central region A production is 
-�not solely the result of AA production. It may be that some of the 
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central region A are the result of a "tail" of target fragmentation 

production. 

B.� Transverse Momentum 

In examining the transverse momentum spectra for inclusive K s 
production, it is again appropriate to begin with the results from 

the pp collisions. In Figure 14 the square of the transverse 

momentum is plotted for Ks production from this experiment as well 

as other experiments done at different energies with proton beams16• 

The distributions are integrated over longitudinal space, and the 

plot is logarithmic in the vertical scale. It appears as if the 

plots of dcr/dP~ for energies higher than 100 GeV are indistin

guishable out to approximately 1.0 GeV2/c2• It is evident that 

the data at all energies can be well-fit by the functional form 
-bp2 -2

Ae t The value for b of 4.0 ± 0.9 (GeV/c) for the data from 
. -2 

this experiment agrees well with the values of 3.2 ± 1.4 (GeV/c) 

and 4.6 ± 0.8 (GeV/c)-2 for 205 GeV/c pp collisions3,16 and a 

value of approximately 4.3 ± 0.7 (Gev/c)-2 derived from the 300 GeV/c 

. t 6 exper.unen 

The transverse momentum spectra for K production from all threes 
beams in this experiment are shown in Figure 15, along with the fits 

to the form Ae-bPt. Note that, although the value for b for K pros 
duction from K+ beams is somewhat higher than the other two, all 

three values are in agreement within the experiment uncertainties. 

For completeness, the Lorentz-invariant distributions of transverse 

momentum squared are Shown in Figure 16. The data for pp collisions 

,-- at 205 GeV/c and 300 GeV/c are also plotted here6, and the same 

·apparent scaling reported above is also evident here. 
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In Figures 17 and 18 are shown the p~ distributions for A and 

-A respectively, for all three beam particles from this experiment. 

Although the data in the figures are consistent with being exponential 

in shape, the values for b for both A and A production appear to 

vary with beam type in this experiment. In fact, when comparing 

+ +the data from ~ and p beams (K beam data are too scarce to 
-warrant comparison), the A and A data have consistent slopes within 

beam types; however, the slopes for the ~+ beam are different from 

those for the p beam. Table VI summarizes the fitted slopes from 

various experiments by beam type. From this table, it is evident 

that the slopes of A/A production from the ~+ beam in this experi

ment are somewhat higher than those from ~- beams at higher energies. 

It is interesting to note that the two lower energy points from ~-

beams are also conssitent with having larger slopes than the higher 

energy data. 
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TABLE I: Events By Beam Type 

Total No." Cross Section 
Beam of Events Equivalent 6J. blevent) 

+ 
To 8479 :l.34 

K+ 1200 14.13 

P 8365 3.78 



TABLE II: Final Data Sample By Fit Typ~ . 

Unambiguous Fits Ambiguous Fits 

K 870 KA 208 

~\ 308 KK 98 

A 24 Ky 81 

Y 1774 Ay 133 

Ay 122 

r



TABLE III: Total Inclusive Cross Sections 

Reaction Inclusive Cross Section (in rob) 

+ 
7T P 0+ K

S 
+ anything 4.0 ± 0.3 

K+P 0+- Ks + anything 5.9 ± 1.0 

PP 0+ K s + anything 5.0 ± 0.2 
+ 

7T P 0+ A + anything 1.8 ± 0.2 

K+p 0+ A + anything 1.4 ± 0.4 

PP 0+ A + anything 4.2 ± 0.2 
-+ 

7T P 0+ A + anything 0.7 ± 0.1 

K+P -+ A + anything 0.5 ± 0.2 

PP 0+ A + anything 0.8 ± 0.2 



I;3LE IV: Topological Cross Sections for KO Production 
s 

O·f In the K+ bea.m s ampLe , K events with rapidity> 1.5 have 
s 

be2n eliminated. 



TA.'SI.E V: Topological Cross Sections for A Production 

(bac~vard hemisphere only) 

:" 

~.c; (in ab) 
n ~/ 

BEAH
Multinlicity 

i
••

+ r. p. i 

.. 

2 0.11 ± O.O~ 0.18± 0.05� 

....,. i
l 0.15 ± 0.04 . 0.44 ± 0.07� 
I 

6 0.27 ± 0.05 0 •.41 :; 0.08. > ..I
i ...,I 

8 i 0.34 ± 0.06 0.52 ± 0.09 .. 
•10 0.14 ± 0.03 0.31 ± 0.07f 
i 

i,
:12 0.10 ± 0.03 0.13 ± 0.05 

14 0.03 ± 0.02 0.08 ± 0.03 
I 
i16 0.04 ± 0.02 0.04 ± 0.02 

I 
J 

18 0.01 ± 0.01 

· 
..'" 
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Figures
i 

1. Center-of-mass decay angle distributions for final samples of 

(a) Ks' and (b) A. 

2. Total inclusive cross sections as a function of incident beam lab 

-momentum for (a) (b) A, and (c) A.Ks' 

3. <yo> vs. mUltiplicity for (a) K and (b) A by beam types.n� s 
4. KNO scaling plots for K and A. The curves are Cohen's fits s 

to pp data. (a) KNO plot for K from several pp experiments.s 

~) KNO plot for K from this experiment only, for all three s 
+beams. (c) KNO plot for A from several pp and ~ p experiments. 

5. Rapidity"distribution, folded about y = 0, for K produced in s� 

pp collisions in this experiment.� 

6.� (al Backward hemisphere rapidity distribution of K produceds� 

in pp collisions at 147 GeV/c and 300 GeV/c.� 

(b)� Backward hemisphere Feynman x distributions of K produceds� 

in pp collisions at various energies.� 

7.� ~) Rapidity distributions of K produced at 147 GeV/c from s 
+ 

~ and 1T beams. 

+(b)� Feynman x distribution of K from 1T beams in this experis� 

ment compared to 1T beam at 18.5 GeV/c.� 

+8. (a) Rapidity distribution of K from K beams in this experiment.s 
+

~)	 Feynman x distribution of K from K beams in this experiment.s 

9. Feynman x distribution of A by beam type. 

10.� Backward hemisphere Feynman x distribution of A production in pp 

collisions at various "energies. 

11.� Backward hemisphere rapidity distribution of A from pp collisions 

at 147 GeV/c and 300 GeV/c. 



+ - +
12.� Rapidity distributions of· A from ~ , ~ , and K beams at 

147 GeV/e. 

13.� (a) Rapidity distributions of A from this experiment by 

beam type. 

(b) Feynman x distributions of A from this experiment by� 

beam type.� 

14.� Transverse momentum squared distribution for K from pp collis 

sions at various energies. 

15.� Transverse momentum squared distribution for K from this experis 

ment� by beam type. 

16.� Lorentz-invariant transverse momentum squared distribution for 

this experiment by beam type and for pp collisions at 205 GeV/e 

and 300 GeV/e. 

17.� Transverse momentum squared distribution for A from this, experi- ~ 

ment by beam type. 

18.� Transverse momentum squared distribution for A from this experi

ment by beam type. 



. 150 . . KO 

~__t___ .I 
100 . ~ i--£--l--~--~
 

oj 

40� 

bJ� 

. -I~.-:----'--+~~-o +1 
cos G 

F,e,. J 



--

100 r----r----,.--r---r-----,----.----,r----r--r--..,--. 

50 

20 

:0 10 

5, 5 
o 

o 0000 

2 

b� Beam 

0.5� • p� 
I o K+� 

0.2� 6 lr + 

0.1 I· .2 5 10 20 50� 100 200 500 1000 

This expo. 
PLab(GeV/C) 



--
--

--
--

0- (A) vs. 
10� 

PLab 

5 b. )� 

5 
...a 

2� 

~ I 

b 0.5 • pp -AO+X 

o� D.lT+p-Ao+X 
0.2 o K+p--A°+-X 

0.1 l..__--'-_....L..--L-_-'---_L--......I.-...--'-_----'-------' 

I� 10 20 . 50100 200 '500 (CXX> 
P

Lab 
(GeV/c ) Thi s expo 

r:� o-(A) vs. PLab 10� 
• pp --.A? +X

5
6 lr+P~~ + X pp--p+X 
o K+p--Ao+x2 

.0 
E I� ~ i-- 0.5 

.<:' 0.2--
b� 

If i 
0.1 . 

. 0.05 ~ 
c.)

0.02 
0.0'1� 

I� 

,;" . 



oj 
. ... • PP~KO +Xs 

! f� <K~l :::0.15 +0.01 
-=--+-! .i: ! 1-£ (Ks)n:::(-00003+0.0003)nch o� ~ i - +(0.14+ -0.03) 

•� N 2 ::: 19/IOdf 

6r+p~K~+X0.4 
<Ks) ::: 0.21 ~0.02 

- - <K~)n=(0.002+0.004)nch 
~ +(0.18 +0.05) 

_ _ _ _ _ _ _ _ _ _ _ %2::: 23/IOdf 

0.6� oK+p ~ Ks+ X 

(Ks) =0.21 +0.03 
0.4 <K~)n:=(-O.005~0.008)nch 

+(0.27+0.08) 
0.2� v:2 ::: 6.8/6 df 

4 8 12 16 20� 

nch� 
" 



L:. 
U 

..c: 
u 

C-- --0

Qg8'+x o +1 +\ "'0+ +1 0 L() (J)

% to . a <, o Q • ro 
t .. a 0 · o '-"' ......... C\J 

II II +

f~~ 
II 

C\l 

~·v'V' 
~ 

C 

00 
8 
Q 

0 0 
X o +1 

+ 
Lf) 

+1 0 
0 b 0< 0 

t o c5 
II '-'" 

L-...... II 

0. <~ 
o.v~ 

-
0 •
0 
+1 

to'+
0-0 
dro 
'-'" "" +¢ 

II 

C\J~ 

<l 

I 

r< 

-...0 
. 1 <J I 

I 

f 
I 

r<H I I 

I
•
I
• I 

\ 

I 

I -
I 
I 

to 

..c 
u 

C 
. 

(J) 

> 

~ 

K]-l 

r<H 

I 
I 
I 
1 

I 

-

~ 

~ 

I 

I 

I- N 

I 
I 

I -00 

.J:: 
u 

e 

I I 
~ 
~. 

I 

~ 

} 
I I 

I 
I 
I 
I 
I 
I 
1 

·r I 
I

l-4H

L I 
I 
I. 

I J 

- sr 

0 
(\J 

d 
•

0 0 
, 

•
0 0 

PlOM>iJOq U<oV) 



pp
 ~
K
~

 +
 n

 
C

ha
rg

ed
 

P
ar

tic
le

s 
14

7 
G

eV
/c

 
• 

69
 G

eV
/c

 
o 

10
0 

II
~

 

2 
2

'-
• p

p 
1

0
" 
K
~
+
X

 

c 
14

7 
II 

Q
)

0-
c

i 
A

 l
rT

p
 -
p
K
~
+
X

 

r-
: 

• 
2

0
5

 
II 

b.
o

(
/)

 
1\

~ 

0 
K

+
p-

K
s+

X
 

o 
3

0
3

 
II 

r-
; 

~

 

o
(
/)

 

~
o 

c:
 

<
, 

""
-..

/ 
<

, 
- OV'J -~ 

- O(J) ~ 
c 

-T
t\

b
. 

0.
\ 

~

 
be

 
0.1

 
~

 

1\
r-

:
v 

c
; 

a.
) 

'-
/
 

b)
 

0.
5 

1.0
 

1.5
 

2.
0.

 2
.5

 3
.0

 
0.

5'
 

1.0
 

1.5
 2

.0
I 

2.
5 

3.
0 

.n
/<n

> 
n

/<
n

) 

\
\ - ~ ~

 

~

 

... ~

 

(
( 

( 
-
-
' 



---

pplor If+p) -A+n charged particles 

o 69GeV/c 
0100 (I pp 

.Q) 2 -147 II pp 
c. 6205 II trTp

t5 
A 
c~ 

V 
<, 0.5 

-<q

b 0.2 

.~ 0.1'V 
c.) 

0.5 1.0 1.5 2.0 2 ..5 

n/(n) . 

n» q. c)� 



• backward hemisphere 
o forward hemisphere 

-1.0 
d 

\.0 

0.5 ! i
22 

<, 
..0 
E- 0.2 

II 
~ 

-0 
<, 
b 

-0 
0.1 

. .,., 
0.05 

/ 

+3 +2· ·-t-I 0 

y . 

•� 

fIG,s� 



) )� )� 

• pp -- Ks+X(147GeV/c) 
o pp -+-K~ + X(300GeV/c) 

oj
2.0 

.....

o�
. ~ 1.0 ~ ~  

~ i!
:b 0.5 1"1
E / 

.-- ft
~ 0.2 

"0 

b 0.1 
"'0 

<, 

II0.5 

Q02 I 

I , ! I 

0.01' -3 -2� -I O.� 
'y� 

1'01 I I I I I I I I I I J I I 

Q51-'!! fi!~  r PP - K~ +Anything 

] 0.2 "21!i\~~~~4it ~  
Net aIi! ~  
~.  ! ~~
 

b N I-- i :If ~
 

~ Q05 - ! ~  l~f ~ I 
~ • 12 GeV I I 1r 

(\JI: 0.02 ,,19 GeV/c I I 
" • 21.1, 24.2, 28.4GeVic £ f 
x 001 24GeV/c� 1i0 

~ '.102 GeV/c� 
¢ 147GeV/c� 

0,,0051- • 205GeV/c� 
Q 303GeV/c� i 

0,0020 -0.1 -0.2 -0.3 -0.4 - 0.5 -0.6 
X 

(' II ! 



6 lr+P -.;..Ks+ X (147 GeV/c) 

1.0 If-p --Ks+X (147GeV/c)0 

,-LO 0.5 
o 
<, 
..0 0.2E� 
-6'" 0.1� 
<, 

~. 0.05 

0.02 

0.01 
2 3 

o 
:rl
E . 0.1 

N ..... 

~ 0.5 

o 
o:~rf· 0.2 

LL,I-i:J
----. 
NI~ 0.1 

II 6 IT+P --.K~+X (147 GeV/c) 

.o If-p --Ks+X ( 18.5GeV/c) 

-0.6 - 0.2 0 0.2 0.6 1.0. 

X 
Fi«. 7 

0.05 



---

I I r I I I I 

-3 -2 -I 0 I 2 3 

Y 
-
0 o K+p ---->"K~-rX 

~ ~ 0.5
-0 
E h) . L ..J•

N--.... 
0.2 ~0.. 

-0 

I(\J 0- ...b~~ QI . ttt'"'0-0

* >< 
~ 0.05 

(\JI~
 
II 

e.-X 0.02 +t 
~ 

LL-
.0.01 I. , II I I I I I 

-1.0 -0.6 . -0.2 o .0.2 0.6 
'\. 

• 
X· 

fIG. 8� 



-. 
0 
<, 
D 

-EN 1-
0.. 

-0 

b (\.)1
0...C\J 

-0 -0
><* -aw 

\. 

Nl~ 
I J--X 5�LL 

• pp --Ao + X 

D. T+p-Ao+X 

o K+p-"""Ao+X 

-0.8 -0.4 0 -. 0.4 0.8� 
*X= PI! 

is/2 



- 0.5 

(\)- la 
-0 0.2 

b ..... 
C\J 0
-0-0, 01* >< • ow-a 

N ~ 0.05 . 
1= o 

-II o 6.6' GeV/c� 

. 6. 2I.I,222 , 28.4 GeV/c� ~ 0.02 o 

L.C • 102 GeV/c 
o 147 GeV/c0.01 . 

. '-205 GeV/c 
Q303 GcV/c. 

o 0 

o -0.2 - Of}- - 0.6 -0.8 -LO 

X= ~II* 
fS/2

• 

fiG. 10 
"' ..� 



. ' 

pp ~~+X 

1.0 

0.5 

- 0.2LD
•

0 
<, 

-
..0

E 0.1 

..,,'U 
~ 

0.05 
b 

-0 

0.02� • 147 GeV/c� 
6300GeV/c� 

0.01 

-3 '-2 -I 0� 2� 

Y 
-, 

" 

fiG-. ,1\ 



0.5 

0.2 

0.1 

_ 0.05 
1.O
d· 
~ 0.02 
E-
-0 
~ 

6lr+P -:,-AO+X 147GeV/c
<, 

b 0.5 o -rr- p --if+X 147GeV/c 
-0 

oK+p-Jf+X 147GeV/c 

0.2 

0.1 

Q05� 

-3 -2 -I 0� 

Y� 

.,..1..



-. . 
.. ,. 

-20 + AO rapidity 

LO. 
~ 
E 

-

-
2 

5 

10 

+ 

>... 
~ 
b 

-0 . 
0.2 

0.1 

0.5 1 
t 

. 0.05 

oJ 

-2 -I 2 3 

'.. 

fIG, l'3lo..) 



; . 

500 bJ 

200 

-a 100 epp-.L\
-0

+X(xIOO).
2i
E 50 

No: 
-0 20� 
bNI-�

N 0
-0 -0 10
* ><W-o� 

·5 6lf+p-!f+X(xI0)� 

N~ 
II 2 

,.-.... 

X 
'-"" 

l..C" 

~ 0.8 - 0.4 0 0..4 0.8 

X =p*/ 1is" 
.. 0' 

"c.. 13 (h) 



100 
• pp~Ks +X 

o 300 GeV/c 
.205 II 

II~. .147 
• 102 II 

- ~ 24 II� 

10 
. "V 12 II�

(\]-u 
fi~y 

Q) 
(9 ~ 

:? 
t1t~-

.-
<, ~ 

ft. ..0 

E 
"V 

~ . 'WII
"V 

Nt-- I0.. "V-0 
<, !b 
-0 

0.1 I..------L_-----I.-----=-------L...-_...L-----' 

o 0.2 0.4 0.6 0.8· 1.0 

pi (GeV/c)~ 



20 

10 

5 
~ 

20� 

10� 

20 -..0 10 

-E '5 

('\)1

-0
0- 2 
<, 

b 
-0 

b (GeV/c)~2. 

• ,p p ~ Kg + X 4.0 + 0.9 

6 lr+P ---...K S
o 

+ X. 4.2 + 0.3 

o K+p'~K~ +X' 5.2+ 1.8 
".,

•
' 

o 0.5 1.0 1.5

pl (GeV/c)2 

.:'"t .. 
~ .. 



'.� 

-�

I2 ..0 

~ f1.0 

~f~J0.5� . ! ~ 
2.0� 

+t><� ! 
1.0-0� 

b ><� 
N -0� 0.5 
-0 (\j I

0. +t� fW-a� 
0.2 + 
0.1" 

II 

5.0 

. • pp� -K~ +X 147GeV/c2.0 
~ pp --,.- Ks+- X 205 

1.0 o pp~K~+X 300 
.If+p~Ks+X 147 

o K+p-=-Ks+X 147 

o� 0.5 1.0 

PT2 (GeV/c)2 



--

5 
Fit to AebpJ 

2 beam b(GeV/c)-2 
• p 2.9+0..7 

N- 10 o K+ 2.7+0.2 
,U

~lf+ 4.21-0.1:> 5 
OJ 

<..?

~ 2 

--E 
10(\Jet 

-0
"-..' 5 
b 

-0 

2 

0.5 

0.2 

I� , 

o� 0..5 1.0 .� 

R2 (GeV/c)2�
T 



---

. 2
A PT 

2 Fit to Ae-bp~ 
beam slope(GeV/ct2 

ep b= 3.2+ 0.1 
~lf b= 4.2+0.1 

0.5 oK+-N-
. ~ 

~ 22· 
Q) 

<.9
<, 
...0 

---ENI ..."0.. .� 
-0� 

'8 2 
-a 

·0.5 

0..2 

O)-~~-_-L_~
 
0.5 1.0� 

PT2 (qeV/c)2' 

. fltr . }"X 




