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ABSTRACT
 

rapidity, Feynman and PT distributions 

-The production of K ' 
S 

A, A and Y in 1T p 

collisions at 147 GeV/c is analyzed. Cross-sections, 

2 x are pre

sented anc compared to charged particle production. 

The energy dependence of mUltiplicities in 1T-P and 

pp coLl.LoLona is shown. A new scaling form for 

the correlation of neutral and charged particle 

multiplicities is presented for compilations of 

1fp and pp Qi;.'!::a. 

FERMILAB-PUB-80-112-E



-1

I. Introduction and Summary 

We p~'esent final results on inclusive neutral particle pro

duction in ~-p collisions at 147 GeV/c in the 30 in Hybrid Spectro

meter at Fermilabl, and make comparisons in energy, between ~p and 

pp collisions, between neutral and charged particle distributions, 

and among the neutral particle results. Past studies
2 

on Ks' A, 
-
A 

and y inclusive production have established many characteristics, 

and here We add results at 147 GeV/c, update some comparisons and 

introduce new analysis. 

Inclusive cross-sections in the form of average mUltiplicities 

rise with energy except for A production, and pp and ~p multi

plicities agree, again except for A production. The average multi

plicity of A's per event appears to be independent of energy and 

less than a ratio of 2 for pp vs np collisions as might be expected 

from the ratio of incoming baryons. The average K mUltiplicitys 

agrees with the average charged particle multiplicity as 'a function 

of energy within a constu~t factor. K-
+ 

production does not agree. 

Inclusive distributions in y, x and p~ are shown and compared 

to charged particle production. If a rapidity plateau is assumed 

for Kg production, then its height agrees with the logarithmic rise 

in K mUltipli~ity with energy.s 

A new scaling i~nction derived from KNO arguments {see l~ter) 

is used to analyze the energy dependence of the semi-inclusive 

average multiplicity of neutral particles. The neW scaling function 

facilitates the analysis of the data in terms of K/n ratios etc. 

The ratio of neutral to charged particle multiplicity appears to 

have the same form for Kg and nO production and to be the same for 

FERMILAB-PUB-80-112-E



-2

pp and np collisions. The scaling function for the A multiplicity 

/ ~ is only slightly different. The ratio of neutral to charged particle 

multiplicity is not constant as charged mUltiplicity increases but 

does not fall for charged mUltiplicities above the average as 

expected in some models. 

Section II, following, discusses experimental details, Section 

III inclusive cress-sections and distributions, Section IV two

particle mUltiplicitie~. 

I~ 
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II. Data Analysis 

105K pictures were taken in this experiment, of which 79K 

were available for the study of ev~nts containing neutral decays 

and conversions. A first scan of the film was done for all events 

as defined in reference 3; it yielded approximately 15000 events. 

A second pass was performed on events containing neutral decays 

and conversions to check and correct the record of the event 

topology and to label the neutrals according to vertex type, i.e. 

"VO" (non-zero opening angle of decay), "straight gamma" ~ero opening 

angle of decay in all three views), "curly gamma" (one track of pair 

seen to turn through 180 0 and to have minimum ionization throughout). 

The second pass was also perfomed on some 15% of total events which 

were rejected for the purposes of reference 3 but could not be re

jected in this study of neutrals because of bias. 

A completely independent scan was performed on 27K pictures, 

containing 28% of the beam flUX, in order to determine tl:~ contri

bution of the scan losses to the cross-sections, distributions, etc. 

The events lost from the first scan were measured carefully and 

their contributions to cross-sections etc. increased by the factor 

1/0.28. The first scan's efficiency for neutral vertices computed 

in the usual fashion, was 78%; the scan efficiency for the combined 

data in the 27K pictures was (98.9 ± 0.4)%. Table I shows the 

sources of neutral vertices from these passes and scans. 

Events found during the scan phases described above were then 

4measured on the Rutgers PEPR. Tracks from neutral decays and con

versions for all events, and charged secondary tracks from 2, 4, 6 
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/ /"" prong events were a Lways measured. Charged secondary t.zaoka from 

events with 8 or more prongs were measured only for events ~ontaining 

o -strange particles (Ks' A, A) and only in the 27K sample of pictures. 

Data from the charged tracks are not used in the analysis in this 

paper. 

Reconstruction of tracks in the bubble chamber and wire chambers 

3. was done by the program chain GEOMAT-PWGP-TKORG No attempt was 

made in this reconstruction to find parts of neutral decay tracks 

which entered the wire chambers - only tracks from the primary ver

tex were reconstructed in both bubble and wire chambers. Program 

SQUAW was used to identify the neutral particle using the usual 3C 

and lC fits: 

K
O + 1T +1T - (la)s 

A + p1T (lb) 

-+A + p1T (Ic) 

+ yp + e e p (ld) 

In order to obtain satisfactory distributions of residual errors 

after the fit ("pull" distributions) it was necessary to increase 

the input error matrices on all momenta and vertex coordinates by 

a factor'of 2 and to add constant amounts to the errors on y and z 

coordinates of vertices of 6y = 170 ~m and 6z = 850 ~m (the z-

direction is along the camera axis and the y direction is perpendicu

lar to beam and z). 

A decay vo.l.un.s cut on the decay vertex was applied at x = 25 em 

in order to provide appr-ox.i.matieLy 15 cm of visible length of decay 

track for reconstruction and fitting, and a minimum length cut of 2 
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cm was applied to neutral tracks to avoid losses of neutral vertices ~ 

too close to the primary vertex. All fits were inspected at the scan 

table for consistency with ionization and with topological type (zero 

opening angle, identified electron, .etc) and for poorly measured data. 

Events which failed this inspection or failed to give a fit were re

measured careft.lly in the sample of 27K pictures mentioned previously 

and their contributions to distributions again scaled up. In this 

sample of 27K pictures, 20% of all events were remeasured because of 

such a measuring failure; failures occurred more often among those 

events with fast neutrals in the forward jet of charged particles. 

Fig. 1 shows the c.m. rapidity distribution of the re-scan and re

measured events (sha~~d) compared to the overall distributions; some 

bias towards the forward direction can be seen. About 2% of events 

in the 27K sample failed remeasurement and were not tried again. 

The chi-squared probability distributions for the 3c fits which 

passed the decay volume cut are shown in Fig. 2; the excess of events 

at low probability is presumably another manifestation'of the error 

assignment problem. Some 13% of the final accepted sample of neu

trals failed to give 3c fits but gave lc fits and were believed to 

point back to the primary vertex by the physicist who looked at the 

event on the scan table. This failure seems related to the incorrect 

assignment of errors on the vertices. We have included these lc 

events in the cross-sections and distributions since we believe their 

momenta are accurate enough for the studies included here. 

Neutral vertices which fitted more than one decay process con

sistent with ionization and topology type ("ambiguous fits") were 

FERMILAB-PUB-80-112-E



-6

assigned by the following ordered tests: 

(i)	 a gamma fit, if present, was selected if the transverse 

momentum of the negative track with respect to the 

direction of the neutral was less than 25 MeV/c. Gamma 

fits were rejected for the transverse momenta above 25 

MeV/c. 

(ii) a K~ fit was selected if the negative track transverse 

momentum	 was greater than 105 MeV/e.
 

2
(iii)	 the A fit was only selected if its X probability was 

at least three times that of the competing fits. This 

criterion was chosen to keep the ratio of ambiguous A 

fits to ambiguous K~ and A fits the same as the overall 

numbers of A, KO and A fits in order to avoid too l~rge s 

a ratio of ambiguous to unambiguous A fits. One event 

was	 assigned to a A decay by this criterion. 

(iv)	 K~/A ambiguities were reBolved by satisfying two condi

tions - the ratio of K~ decays with transverse ~ 

momentium below 105 1-1eV/c 'to those above 105 MeV/c should 

be given by the theoretical value of 14% for a spin1ess 

decay; secondly I we should expect K~ c1~cays to t:ii.LUulate 

a A decay as often as a A decay. Both conditions could 

not be satisfied simultaneously, so we have resolved the 

K/A ambiguities so that neither condition is badly vio

lated. The criterion for a KO decay, then, is that the 
s . 

K~ fitted probability is greater than 1.43 times that of 

the A fit: this choice resolves 56 ambiguous neutrals 

ihto 46 A fits and 10 K~ fits. 
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Cross-sections and distributions have been calculated in the ~ 

usual fashion hy assigning weights to neutrals to correct for their 

detection efficiency. The average detection weights were Ko 2.03,s: 

A: 2.12, A: 2.77, y: 55.4. Other weighting factors accounted fo:: 

the branching ratios of decays and for the method of partial remeasure

ment described earli~r. Conversion to cross-sections, viz ~b/event, 

were taken from reference 3 (1.43 ~b/event for 2 prongs, 1.59 ~b/event 

for other prongs). 

As a check on quality of data, the decay angle distributions 

for K~, A, and A and the negative track transverse momentum distri

butions of all 4 neutral types are shown in Figs. 3 and 4. The decay 

angles, Fig. 3, are obtained in the particles' rest frame with z 

along the direction of the neutral, and x perpendicular to the camera 

axis, and are calculated for the negative decay particle. They are 

acceptably flat in both angles for K~ and A and in azimuth angle for 

A as expected - there is little sign of the usual loss at azimuthal 

angle = ±IT/2. Fig. 4 shows the momentum component of the negative 

track transverse to the line of flight of t~= neutral; again the 

experimental distributions agree with expected distributions. 
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III. Cross-sections and Inclusive Distributions 

Inclusive cross-sections are shown in Table II. The A cross

section includes A production from L 
o decays. Errors shown are 

mainly statistical but include contributions from estimates of 

contamination and of the reliability of weighting schemes: con

tamination has been checked by looking for K~, A, A and y invari

ant mass enhancements in each of the alternative categories - the 

worst cases were for A where 10% of the events could be y contamina

tion, and y where 1/2% of the K~ even;:s could have been mis-classi

fied as y's. These contaminations are small compared to the statis

tical error. The weighting schemes, including effects of decay volume, 

are estimated to contribute 5% uncertainties in the cross-sections. 

Two particle inclusive cross-sections are also given in Table II. 

Comparison of the cross-sections with those for pp collisions 

and for TIp collisions at other energies is shown in the form of 

average multiplicity in Fig. 5 for A, X and y production, and in 

Fig. 6 for K production. The fit to TIo multiplicity <~o> is from s 

Whitmore 5 ~nd, in Fig. 6, the fits to K multiplicity will be diss 

cussed below. The sources of the data are tabulated in reference 6. 

The cross-sections from this experiment agree within the errors with 

the general trends shown in Figs. 5 and 6. 

The general trends of the cross-sections are for rising average 

multiplicity as energy increases for all particles, except for A's 

above laboratory momentum of 50 Gev/c. In addition np and pp colli

sions agree, except for A production which is presumably influenced 

by the difference in baryon number in the initial np and pp states. 
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If we average the mUltiplicity of A's above laboratory momenta of 

40 Gev/c then the ratio is (pp + <A»/(~p + <A» = 1.44 ± 0.03. If 

all A production was in the fragmentation region of protons then, naivel) 

this ratio should be 2.0. From the value of the ratio quoted above, 

we conclude that about half of A production occurs from proton frag

mentation, the rest from pion fragmentation and/or central region 

production. 

The production of K particles may be analyzed by comparisons 

to pion production which constitutes most of the charged particle 

production. Fig. 6 shows the average K multiplicity <n as a s k> 

function of laboratory momentum for ~-p, p~ and some ~+p collisions. 

A fit to the data of the form <n = A + B Ins gives the resultk> 

<nk > = (-0.086 ± 0.011) + (0.045 ± 0.003) Ins 

The fit is shown in Fig. 6 and can be seen to represent the 

general tendency of the data in 3pite of a low confidence level 

(X2 of 47.5 for 13 degrees of fr~edom). Comparison to charged 

particle production can be made by obtaining similar fits to charged 

particle multipli~ity <n > and scaling this multiplicity down by a c 

ratio of K to charged particle productioni in this case the ratio s 

was taken to be ratio of average mUltiplicities for this experiment 

<nk>/<n
Q> 

= 0.175/7.40. Fig. 6 shows scaled down fits to <n inc> 

~-p and pp interactions7,8. Note that these fits to both ~-p and 

pp charged multiplicities allOW non-linear terms. It can be seen 
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that	 K production is similar in ~-p and pp collisions and that it s 

is similar to the scaled down charged particle production except 

possibly at the highest energy in 1'-p collisions. The fits are 

dominated by their Ins terms and this appears to be the main energy 

dependence for both charged and K multiplicities. Also shown in s 
+

the graph for comp~~ison purposes is a fit to K- mUltiplicities in 

pp collisions&; it can be ~een that charged and neutral K m~lti

plicities appear to have qualitatively different energy dependences. 

The inclusive distributions of K~, A, A and yare shown as a 

function of c.m. rapidity y in Fig. 7, as a distribution in Feynman 

x in Fig. 8, and as the invariant cross-section 2E/(I:S~) da/dx in 

Fig. 9. From the distributions it can be seen that K~, Aand yare 

produced pr.edominantly in the central region of rapidity whereas 

~	 A's are produced predominantly in the fragmentation region of the 

proton target. The energy dependence and approach to scaling of 

the cross-section (l/~) (da/dy) at y = 0 have been discussed by 

Boggild and Ferbe19 and Whitmore1 0 who assume a s-1/4 asymptotic 

dependence for these cross-sections normalized by CIt t 1 or a 1(!o a pomeron 

Our values for dcr/dy and the normalized cross-section are recorded in 

Table III for K~ and for charged particle production - they agree 

within e£rors with the expected behavior and other nearby data in 

Ferbel's and Whitmore's normalized plots. 

For Fermilab energies it is difficult to establish the exis

tence of a rapidity plateau even for pion production. For K pros 

duction, we indire~tly investigate the plateau by comparing the Ins 

rise	 in K mUltiplicity with the Ins expansion of the available s 
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rapidity and the height of the dcr/dy distribution at y = O. Table 

IV shows the results tabulated as density of particle production 

per unit of rapidity vs. multiplicity increase per unit of Ins. 

Figure 7 also shows the height of the central plateau expected from 

the multiplicity increase per unit of Ins. As can ~e seen from 

Table IV and Figure 7, there is rough parity between production in the 

central region and increases in multiplicity. Any differences are 

in the same direction as for charged particle production. We con-

elude therefore that K production is consistent with the existence s 

of a rapidity plateau. 

The transverse momentum squarod distributions dcr/dP~ for the 

neutrals, shown in Fig. 10, and with an expanded scale in Fig. 11, are 

2sharply cut off just as the charged particles are. At small P ~he ~ t, 

distribution falls faste~ than the strange-particles which are not no
~ 

ticeably different from each other. At large P~, all the distributions 

2level off and are decreasing at about the same rate from 0.5 to 2.5 GeV

2The profiles of <Pt> vs. the longitudinal variables, x and y 

are shown in Figs. 12 and 13. The distributions for y and KO are s 

very similar to that of the ~+ distribution shown in Figs. 14 and 15 

which show a 'dip at x. = 0 and constant <p~> vs.y except for y near 

Ymin and Ymax. These features are not apparent in the A and A dis

tributions probably because of the limited statistics. 
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IV. Multiplicities of Neutral and Charged Particles 

We discuss here only the correlation of neutral particle 

multiplicity and associated charged particle multiplicity. The 

dependence of charged particle multiplicity on the mass of the 

recoil against the neutral particle is discussed else~here.ll 

It has been known for some time that the average number of 

neutral pions is correlated with the accompanying charged multi

plicity from hadron collisions at Fermilab energies. 2 The same 

2result is also known to apply to the production of K particles.s 

Fig. 16 shows the average multiplicity12 of ~o, K A and A as as' 

function of accompanying charged multiplicity for this experiment. 

" Also shown for ccmparison are 100 GeV/c and 250 GeV/c data for ~-p 

collisions. The usual strong correlat:ion in K and ~o data can be s 

seen but the correlation in the A data is uncertain as might be 

expected for baryon production. 

The energy dependence of the associated neutral and cha~ged 

multiplicities shown in Fig. 16 has been discussed in the form of a 

scaling function derived by Dao and whitmore1 3 from KNO arguments 

and applied to ~o production by them, and to K production by cohen1 4, 
s 

both applications using only pp collision data. This scaling function 

uses the semi-inclusive cross-section for the neutral particle pro

duction and was quite well satisfied. We use an alternative scaling 

function based on the average multiplicity of neutral particles as a 

function of charged multiplicity (Fig. 16) since such a function is 
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closely related t,0 the more easily interpreted K ITr± or 1f
O /Tr± ratio. ...." s 

We first present the new function then apply it to a compi.r.at.Lon of 

both pp and Trp data on the production of K ' A, A and Tr v particles.s
 

The KNO invariant distribution Wfor two types of particle
 

(here taken to be charged and K to fix notation) isIS
 s 

where P k = a k/a . 1 t' , a k = cross-section for events with nn n ~ne as ~c n 

charged particles and k neutral Kg particles, zn = n/<n> and zk = 
k/<k>. The semi-inclusive K cross-section is ~ kP k a . 1 t' ands n ~ne as ~c 

the topological cross-section is L P k a . 1 t' so that the averagek n as~ne ~c 

multiplicity of K particles in n-prong events <k>n is s 

<k> = <k> 
n 

where ~3(z ) is a scaling function, independent of s except as <n> 
n 

depends on s in z = n/<n>. The relation of this new invariant 
n 

function ~3 to that pzevLous Ly derived by Dao and Whitmore ~2' and 

to the charged particle invariant function of Koba, Nielsen and 
15 

Olesen ~l is 

A scaling plot can thus be made using <k>n/<k> vs. n/<n>. 
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Before inspecting data, a remark can be made about the energy 

dependence of the plot of n-prong average mUltiplicity of K particles
s 

<k>n vs. n. The energy dependence of the overall average K multipli 
s 

city <k> as we have seen above is approximately represented by 

<k> =	 a<n> 

where a is a constant, and <n> increases approximately as Ins. Thus 

given a dependence of <k> on n at s?me energy, we expect the trend n 

with increasing energy of the plot <k> vs. n to be that shown in 
n 

OFigure 17. Such a behavior has been noted before by Whitmore for w 

.. 11"· 16prod uct~on ~n pp co ~~!ons. 

6
Figures 18, 19, 20 and 21 show a compilation of wp and pp data 

on K , TI
o , A and A production in the scaling plot of <n > /<n > vs. son 0 

n/<n> where n is the multiplicity of neutral particles. The data o 

are restricted to be above laboratory momentum of about 70 GeV/c but 

some lower energy data are discussed below. Scaling is satisfied 

in the energy range allowed in the plot and w-p and pp data agree. 

It is worth noting that the range over which scaling can be checked 

is not extensive because of the Ins dependence of the scaling factors 

<n> and <no>; thus the range in <n> is 6.3 to 9.3, and the change in 

scaling	 factor is about 50%. 

The scaling forms for K and wO data are similar and the same s 

hand-drawn curve is added to both graphs to help in the comparison. 

Production of neutral and charged particles has been analysed in 

l
several models, some of which ? predict a reduction in neutral particle 

production as the charged multiplicity increaSes above n/<n> = 1.0. 
, /'""""0 

This clearly does not happen in the ~o data. In the K data however,s 
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there are some indications of a reduction1 8 in K multiplicity ~ s 

around n/<n> = 1.5 to 2.0, but not in the form suggested by the 

models and not in all experiments. The data is inconclusive but 

it is important to establish if there is a difference between K s 

and rro production. A constant ratio K to charged particle or ~o s 

to charged particle multiplicity would appear as a straight line 

on the scaling curves. Neither K nor rro data show such a constant s 

ratio. 

Neutral baryon production, i.e., A and A multiplicity, shown 

in Figures 20 and 21, might be expected to differ from meson, K s 

and rro, production. Again, the same hand-drawn curve has been trans

ferred from the K and rro multiplicity graphs to these A and A plots.s 

Multiplicity of A's is less correlated with charged particle multi

plicity than for meson production. A production, however, appears 

to fall at multiplicities above the average. 

. /+ 0/+. . .For compa~1son to K rr- or ~ rr- rat10s we present ~n F1guress 

22 and 23 the closely connected K and rro ratios to all chargeds 

particles still normalized by <n > and <n> in order to keep the o 

scaling properties p~eviously derived. Both ratios fall with in

creasing charged multiplicity. The variables plotted are «n >n/<n_»jo u 

(n/<n» vs. n/<n>. 

Fig. 24 present~ some K data at low energies in the scaling
s 

plot for c~mparison to the high energy data in Fig. 18. The same 

hand-drawn curve is again transferred to this lower energy data in 

order to facilitate the comparison and it can be seen that the low 

energy data do not have the same shape as that of high ene~gy. 
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TAB.L.~ I Neutral Vertex Counts 

27K Sample 70K Sample Total 

First scan (2 passes) 733 1986 2719 

Second independent scan 196 196 

Total 929 2915 

Total sample after cuts for decay volume, 

minimum length, 'IT beam, etc. 2327 

Neutral vertices with fits 1896 

Ambiguity Resolution: 

Af·ter Ionization Check After Pt Cut Final Cuts 

K
O 
s 431 476 505 

A 175 191 238 

A 17 31 32 

y 1003- 1121 1121 

Total Resolved 1626 1819 1896 

Ambiguous 270 77 0 
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Table II Inclusive Cross-sections 

cr(mb) Particle Count 

OK 3.67 ± 0.38	 505 s 

A 1.65 ± 0.21 238 

A 0.38 ± 0.13 32 

oy 129 ± 10.6 1121 

Total 1896 

cr(rnb) a	 Pair COUrlt
a 

KOKo 1.51 ± 0.45	 28 s s
 

KO
 A 0.60 ± 0.17	 31 s
 

KO
 y 29.7 ± 6.6	 71 s
 

Aoy 12.2 ± 5.7 34
 

yoy 1000 ± 200	 83 

a.	 See Ref. 19 for definitions of two-particle inclusive 

cross-sections and pair counts. 
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Table III Central Region Cross-sections 

dcr/dy at y=O l/n dcr/dyl/crpomeron x
mb/unit of y 

0 

K 1 • .24 ± 0.19 0.0178 ± 0.0027 s 

positive particles 17.5 ± 1 0.252 ± 0.015 

negative particles 16.0 ± 1 0.230 ± 0.015 

total charged 33.5 ± 1.4 0.482 ± 0.021 

It 0.31 ± .11 0.00145 ± 0.0015 

It 0.20 ± .10 0.00.29 ± 0.0015 
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Table IV Comparlson of Properties of Central Region Producti~n 

and Cross-section Increase 

Charged KO Charged 
Particles s Ratio 

Particle density per 
unit of rapidity 1.60 ± 0.07 0.059 ± 0.01 (3.7 ± 0.6)% 

1 do - x
crine1astic dy y=O 

Multiplicity increase 
per unit of rapidity 1.45 ± 0.03 0.045 ± 0.003 (3.1 ± 0.2)% 
6n/6 Ins 
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Figure Captions 

Fig. I Physics bias of scan and measure losses - c.m. rapidity 

distributions of second pass of sc~n and of measuring 

( shaded) compared to overall distribution. Events have 

been weighted as described in the text. 

Fig. 2 x2 confidence level distributions for accepted 3C fits. 

Fig.· 3 Decay angle distributions for K~, A, A. (a) cos a polar 

angle, (b) ep azimuthal a.aq Le , Fitted quantities have 

been used and distributions are weighted. Angles are 

calculo.ted for ·the negati ve track in the rest frame of 

the neutral p~rticle with z along the direction cf the 

neutral and x perpendicular to the camera axis. 

Fig. 4 Weighted distributions of momentum component of negative 

track from decay, transverse to line of flight of neutral. 

The solid line is the expected shape for K~. 

Fig. 5 Energy dependence of multiplicity of TIo,A and K particles 

in .. -p, pp and TI+P collisions. The straight line in the 

»0 plot is from ~fuitmore (reference 5) . 

Fig. 6 Energy dependence of multiplicity of Ks particles in TI-P 

pp and TI+P collisions. A fit to all the data of the form 

<n
k 

>= A+B Ins is shown. Fits of more complicated form to 

charged particle multiplicities are shown for comparison, 
+

normalized as explained in the text. K- production ~i.ts 

are also shown for comparison. These comparison fits are 

from An·tinucci et a l., (reference 8) and Stix and Ferbel 

.~referenc(; 7) . 
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Fig~ Captions cont'd 

Fig. 7 Inclusive distributions (weighted) for K~, A, A and y 

production in TI-p collisions at 147 GeV/c. The distributions 

are shown as invariant cross-section da/dy vs. c.m. rapidity 

y; errors are statistical only. The "plateau" line in the 

KO plot shows the height of the rapidity plateau predicteds 

(see text) from the slope of the fit to the previous figure. 

Fig. 8 Inclusive distributions for KO, A, A and y production ins . 

TI-P collisions at 147 GeV/c. The distributions are shown 

as cross-section dcr/dx vs. Feynman x; errors are statistical 

only. 

Fig. 9 Inclusive distributions for KO, A, A and y production in s 

n-p collisions at 147 GeV/c. The distributions are shown 

as invariant cross-section (2EjlS TI) da/ dx vs. Feynman Xi 

errors are statistical. 

Fig. 10 Inclusive distributions for K , A, K and y production ins . 

TI-p colli,~ions at 147 GeV/c. The distributions are shown 

as cross-section da/dPi vs. transverse momentum squared 

pi. The complete range of p; is shown. 

Fig. 11 Same transverse ~0mentum squared distribution 

figure but for narrow range of p;. 

as previou8 

Fig. 12 Variation of aVerage transverse momentum squared as a 

function of Feynman x for y, Ks' A and A particles in TI-P 

collisions at 147 GeV/c. 
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Fig. 13 Variation of average transverse momentum squared as a 

function of rapidity y for y, Ks' A and A particles in 

1T _.p collisions at 147 GeV/c. 

Fig. 14 Variation of average transverse momentum squared as a 

function of I:'eynman x for charged particle pzodcc t Lon 11" , 

',1'+ and p in 1T- P collisions at 147 GeVIe. Note that pzobone 

are detected only up to 1.4 GeV/c in the laboratory frame. 

Fig. 15 Variation of p~ as a function of rapidity y for charged 

particle production 1T-, n+, and p in 1T-P collisions at 

147 GeV/c. Not that protons are detected only up to 1.4 

GeV/c in the laboratory frame. 

Fig. 16 o -Average multiplicity of K s ' A, 1T and A particles as a 

function of associated charged multiplicity. Data from 

TI-P collisions at 100 and 250 GeV/c are shown for comparison. 

Fig. 17 Expected energy dependence of graph of average multiplicity 

of neutral particles vs associated charged multiplicity. 

The shape of the curve is assumed to be given and the 

energy dependence is derived in the text. 

Fig., 18 Scaling form of plot of average multiplicity of K s per 

event as a function of associated charged multiplicity. 

Abscissa and ordinate are normalized by <n> and <K> as 

derived in the text. A compilation of 1Tp and pp data at 

various energies is show:'1, and a common hand-drawn curve 

is shown for reference in comparing K s and 1TO data. 
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Flg~ Captions cont'd. 

Fig. 19 Scaling form of plot of average multiplicity of ~o per 

event as a function of associated charged multiplicity. 

Abscissa and ordinate are normalized by <n> and <~o> as 

derived in the text. A compilation of ~p and pp data at 

various energies is shown, and a common hand-drawn curve 

is shown for reference in comparing K s and ~o data. 

Fig. 20 Scaling form of plot of average multiplicity of A per 

event as a function of associated charged multiplicity. 

Abscissa and ordinate are normalized by <n> and <A> as 

devised in the text. A compilation of ~p and pp data at 

various energies is shown and the same hand-drawn curve 

is transferred from the K s plot for comparison. 

Fig. 21 Scaling form of plot of average multiplicity of A per 

event as a i~~ction of associated charged mUltiplicity. 

Abscissa and ordinate are normalized by <n> and <1'.> as 

devised in the text. Both ~p and pp data are shown and 

the same hand-d~awn curve is transferred from the K s plot 

for comparison. Symbols for data points are the same as 

for Fig. 20. 

Fig. 22 Variation of a type of Ks/~± ratio with charged multiplicity

scaling form of K s multiplicity per charged track vs. scaling 

forin of charged multiplicity. Symbols for data points are 

the same as for Fig. 20. 
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Fig. 23 Variation of a type of ~o/n± ratio with charged mUltiplicity-~ 

scaling form of nO multiplicity per charged track vs. scaling 

form of charged multiplicity. Symbols for data points are 

the same as for Fig. 20. 

Fig. 24 Same scaling plot of average K s multiplicity vs. charged 

multiplicity as for Fig. 18 but including only lower 

-energy data for n p collisions. The same hand-drawn 

curve as for previous figures is shown for comparison. 
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