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Charged Pion Production in Proton-Proton Interactions 

Between l3 and 23.5 GBV/c 

-Abstract 

Dennis Baird Smith 

Multiparticle production is examined using 40 000 inelastic 

proton-proton interactions seen in the B.N.L. Hydrogen Bubble 

Chamber at five incident beam momenta:· 13, 18, 21, 24, and 

28.5 GeV /c. We present cross sections for various inelastic 

topologies. Using the sample of positively charged track momenta, 

we find that we can estimate both· then+ and proton momentum dis-

tributions. 

The cross sections for·n production in the reaction 

pp ~n. +anything are given. Fbr small ~alues of n laboratory 

momentum, we find that the n production differential cross 

sectio.I1-i.§...independent of beam energr., indicating that the 
" • I ,( 

Hypothesis of Limiting Fragmentation already holds at our 

energies . 

The transverse and longitudinal center-of-mass momentum 

distributions of both n+'s and n-'s are given for each inelastic 

topology and for each beam momentum. One parameter functions 

successfully describe each distribution. The topology and beam 

energy dependence of al~ the longitudinal c.m. momentum spectra 

can be described by two parameters .. The transverse momentum 

distributions are consistent with a high energy limit that is 

independent of topology and that agrees well with a picture of 

"hadronic boiling." 
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I .. INTRODUCTION 

The high energy interactions of hadrons produce pions copiously. 

7'lis thesis documents an experimental study of multiple charged pion 

production in high energy proton-proton interactions. 

Many aspects of proton-proton interactions have already been studied 

extensively. 1 •2 Some of these studies have concentrated on the more 

accessmmle final states, particularly elastic proton-proton 

scattering. 3,4 At high energies (above 6 GeV/c), total and elastic 

cross section measurements show that the inelastic final states 

account for three-quarters of the proton-proton interactions. 5•
6 

Counter experiments at high energies have approached the study of 

particle~production by measuring individually the momentum spectrum of 

each species of outgoing charged particle ("inclusive" experiments). ?-12 

wr~le succeeding in observing most of the inelastic events, these 

experiments do not determine the number of remaining particles in the 

:final state. 

Bubble chamber experiments, while observing the simultaneous 

praduction of all final charged particles, have often relied on 

kinematic reaction fitting (balancing energy and momentum) to identify 

those reactions with no more than one neutral particle among the out

going particles. 13 Although information is obtained about all outgoing 

particles in these reactions, at high beam energies these analyses 

s~udied only a small fraction of the total number of inelastic events. 

- 4,14 two other analyses have examined all final charged partlcles. 

In this experiment we determine the charged pion production in non-

~ strange proton-proton interactions classified by the total number of 

charged particles in the final state. In November 1966, 70 000 

pictures of proton-proton interactions were taken in the 80-Inch B.N.L. 

Hydrogen Bubble Chamber at fi•~ widely separated beam momenta: 13, 18, 

21, 24, and 28.5 GeV/c.l5 _;:. e:o..·~!". !!:vrr1entum the flux of incident 

I I t Section II of this thesis protons was approximately 1 2 e~~~ pro on. 

describes the analysis of the 4:-_; OOC non-strange inelastic topology 

events: from the scan of this film we found the events (and the number 

of outgoing charged particles for each); from the measurements of these 

events we determined the momentum spectra of the charged pions. We 

limit this ~alysis to the charged pion production in final states 

h ed t - les· excluding obvious strange containing four or more c arg par lC · 

particle production, we do not identify specific final states of 

t• 16 
exclusive reactions nor do we discuss our neutral particle produc lOn. 

In section III the ~- laboratory production cross sections summed 

over topology are presented. We examine the beam energy dependence 

of these cross sections to test the Hypothesis of Limiting Fragmenta

tion.17 In Section IV we give the~+ and~- momentum spectra for 

each topology. we successfully parameterize all of the c.m •. momentum 

distributions. 
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II. EXPERIMENTAL PROCEDURES 

We first discuss the exposure of the film, then the scan for 

inelastic events, and finally the measurement of the charged tracks 

in these events to determine the laboratory "momentum of the charged 

final particles. 

A. Recording the Events 

Protons accelerated to beam energies by the A.G.S. were scattered 

off. an internal target. Beam c4 (the RF Separated Beam run in the 

unseparated mode) guided protons from the forward elastic peak to 
18 

the 80-Inch Liquid Hydrogen Bubble Chamber. A special camera was 

prepared for the chamber with all three views on the same reel of 46 mm 

film ("LRL format" --as contrasted to the BNL camera with each view 

19 
on its own reel of 70 rom film). This camera was.:;used to take 

70 000 triads divided into roughly equal numbers of triads with 13, 18, 

24, 21, and 28.5 GeV/c incident beam momenta. 

B. Scanning the Film 

The film was brought back to the Lawrence Radiation Laboratory for 

20 
analysis. The film was scanned for specific topologies. The 

topology of an event is defined by the number of outgoing charged 

tracks ("prongs") and the presence or absence of visible strange 

particle decays. A two-prong event without a decay is called an 

"elastic topology." The scanner sees an incident beam track and only 

two outgoing tracks. 

-4-

Strange particle decays are indicated by either a "kink" in the track 

of an outgoing charged particle which decays or a "Vee" pointing back 

at the interaction vertex from the decay of an outgoing neutral 
. 

particle. They cause the event to be classified as having a "strange" 

topology; independent of the number of prongs. 

Four or more final charged particles indicate inelastic particle 

production and, if there are no visible decays, the events are 

recorded as having an "inelastic topology~" 

In this thesis, we will only analyze events of inelastic topology, 

excluding thoseof strange topology. Henceforth, by "pp interactions," 

we mean non-strange pp interactions. 

The film was divided into two portions within each momentum interval. 

Approximately one-third was scanned exhaustively for the number of 

incident beam tracks. All of the film was scanned for the inelastic 

20 topology events. Both scans were performed twice. Any 

disagreement between the two scanners was resolved if necessary by a 

third "conflict" scM. 

The scan resulted in 4o 000 inelastic topology events. We saw 

appreciable numbers of events with four through fourteen prongs! 

Figure 1 shows a typical multi-pronged event. 

I 
v 

.! 
I 
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c. Topological Cross Sections 

The results of the beam track scans were used to determine the 

cross sections by topology for four or more final state charged 

particles. The determination of pathlength and the calculation of 

cross sections are described in Appendix A. Figure 2 displays the 

cross sections (also given in Table I) as a function of incident beam 

momenta. Fits to the four-, six-, and eight-prong production are the 

results of calculations by G. F. Chew and A. Pignotti using a multi

peripheral bootstrap model containing two parameters"and are shown as 

solid curves on Figure 2. (The dashed lines through the,lO-, 12-, 

and 14-prong values are our freehand curves.) 

D. The Laboratory Momenta of the Charged Particles 

We next determined the laboratory momentum of each outgoing track. 

1. Measurl:ilg~·Procedure 

The track image on the three views of the bubble chamber film was 

approximated by measuring machines as three sets of points along the 

images. These three sets of points were then used to reconstruct the 

charged particle's trajectory through the 80-Inch Bubble Chamber. 

The curvature and angles of the trajectory in the bubble chamber's 

magnetic field determine the laboratory momentum of the particle. 

We measured the events by the Franckenstein II (except for the 

13 GeV/c four prongs which were first measured by the Spiral Reader I). 

The measured track momenta were produced by the procedure described in 

Figure 2>. We made "second measurements" of the events which failed to 

pass this procedure. 

2. Modifications to SIOUX 

Optical and magnetic constants appropriate to the 80-Inch Hydrogen 

-6-

Bubble Chamber were introduced into the program SIOUX. 
26

-
28 

We used 

the ll+ range from 200 stoppir.,:; .. + decays to find the range-energy 

scale factor. 29 To check SIOUX's estimates of the uncertainties 

("errors") in the measured momentum values; we used a sample of events 

corresponding to the reaction p~ppn+~: Minimum error estimates, or 

floors, in the curvature measurements and in the angle measurements 

were necessary to give us the theoretical x
2 

distribution for four 

constraints. 

This sample of events from the reaction pp~pp~+~- also allowed us 

to determine our incident beam momenta to better than 0.1 °/0 • We 

determined our five beam momenta to be: 12.88, 18.00, 21.08, 24.12, 

and 28.44 GeV/c. The spread about a central value was designed to be 

less than 0.5 °/ in the unseparated mode of the RF separated beam. 
·o 

3. Rate of Successful Track Measurement 

Tracks were omitted from the final sample in several ways. Using 

criteria which did not bias the sample, the scanners ruled seven per 

cent of the events unmeasurable.
20 

Entire events were rejected in PANAL, HATCH, and SIOUX. The passing 

rate and the number of passing events ~re given for each beam momentum 

and topology in Table II. (More than 94 °/ of the events with four 
0 

through eight prongs passed; this fraction drops with increasing num-

bers of tracks.) 

Individual track measurements failed in SIOUX. Table III and IV 

give the numbers of positive and negative track momenta out of the 

total number of positive and negative tracks in events which passed 

SIOUX. (Roughly three percent of the positive and two percent of 

the negative tracks fail SIOUX.) 

Finally, additional tracks which passed TVGP were rejected for 
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poor measurements. The main difficulties were with the fast outgoing 

tracks which were confused with adjacent beam tracks and also a small 

number of short tracks. These problems were only important in our 

sample of' positive tracks. Figure 4 shows the distribution in inverse 

laboratory m001enta for positive tracks from 28 GeV/c four pro~s. we 

removed 2. 7'fo of' the track m=enta (shown shaded) from this sample. 

The relative contribution of these tracks to the transverse and 

longitudinal laboratory momentum spectra::is shown in Figure 5, we 

rejected less than 2.2% of the positive tracks for all other topologies 

and beam momenta. Figure 6 shows the distribution in inverse 

laboratory momentum for negative tracks in 28 GeV/c four-prong events. 

Fewer tpan 0.3i of the negative tracks have inverse momenta smaller 

than that of the beam. 

E. Contamination > n the SaYCnle of Charr,ed Pion Morner.ta 

Most negative tracks will be :n: . Other negatively charged hadron 

may be in the sample: K, 6-, ~-, n-, and p, and~. We expect a K-

contamination of less than four p-~rcen'. of the :n:-~ ' production from the 

rate of K- to :n:- production at 19 G~vjc. 8 E t -- ~ ven · s vli th L: deca;y s are 

not present in our sample of non-strange inelastic topology ever.ts.30 

Cross sections for producing the last four are expected to be small 

at these energies.7,8,ll 

The positive track sample contains significant numbers of both :n:+ 

Reference 8 reported K+ production to be seven percent 

Nearly all K+ contamination from YK production is absent 

from our sample, since we see tl d ·1e ecaying hyperon in the bubble cham-

and protons. 

of the :n: +. 

ber. By arguments similar to those above for the negative baryons, we 

may neglect the other positive baryons. 

F. 
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Separation of -. + an,.cl .. n. " n'oton :-lo.~P!:tum Distributions 

Since an unknO\m mixture of the reactions: 

PP ~pp + N :n:+ + N n +unseen :n: 0 's 

PYl + (I*l),/ + N' ;r- +unseen :n:0 ' s 

nn + (N+2);r+ + N :rr- +unseen :rr
0 's 

produces our sample of non-strange events ~Tith 2L'+2 final charged 

particles (N 2: 1), our :rositive tracks are an undetermined combination 

Of :n:+ and to pro ns. In only a sm3ll fraction of the events does energy-

momentum balance or ionization distinguish among the various reactions 

possible. 31 Thus we introduce a new approach to the separation of 

n+ and proton momenta. 32 

The tracks moving backwards in the laboratory can only be :n: +, not 

protons. Events producing a proton which moves backwards in the 

laboratory fail to conserve energy. When the proton goes back'l-;ard 

in the laboratory, the remaining final particles have a combined 

momentum greater than that of the beam. However, baryon conservation 

gives these remaining particles a combined mass of at least that of 

the beam nucleon so that their energy is greater than that of the 

target, so we have gained energy! 

\·le use these knmm pions and the fonmrd-backvlard symmetry of 

proton-proton interactio:r:s in the c.m. to separate o·ut the :n: + 

spectrum as explained in the following discussion (the details of' the 

procedure used are discussed in Appendix B): 

The laboratory spectrum of' backvmrd pions is transformed to the 

c.m. We reflect this spectrum about the origin and transform it to 

the laboratory to estimate the number of r: + in a rec;ion of fo:n-rard 

laboratory momenta. Subtracting this distribution from the laboratory· 

momentum spectru.~ of all positively charged tracks gives 

I 
::.;._ 
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the corresponding forward proton spectrum. 

111is laboratory distribution of protons is transformed to the c.ro.' 

reflected and transformed to the laboratory to estimate the momentum 

spectrum of the protons with low values of laboratory momenta. 

slow protons can be subtracted from the positive tracks in the 

These 

laboratory frame to give us the corresponding portion of the slowly 

+ forward moving n spectruc. 

This procedure iterates to determine the entire n+ and proton 

spectrum. 

For this procedure to be useful, the number of iterations had to be 

low, since the errors rise with the absolute-sum of the numbers sub

tracted to determine the n+ spectrum. The maXimum number of iterations, 

~ch increas~s with increasing transverse momentum, is three for 

tracks with transverse momenta less than 0.6 GeV/c at 28 GeV/c beam 

momentum. 

..... 1 
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III. NEGATIVE PION PRODUCTION 

Our sample of events with four and more prongs contains all :n: 

production. Here \,'e put them all together to study tlle non-stra.'1ge 

"inclusive" reaction pp-:n:- + anything. 

A. :n:- Production Cress Section and Averap,e :n:- Multiplicity 

Using the cross section for production of n final :n:-'s, ~n' as 

given in Table I, the cross section for ~ production through the 

reaction pp-:n: + anything is ~ :=:E n~ • The average :n: multipli-
:n: 1n n 

city, ~/<rT, where !TT is the total proton-proton cross section, is 

shown in Figure 7. 

B. Laboratory Differential Production Cross Sections for :n: 

The forward-backward syrr~11etry of proton-proton interactions in 

the overall c.m. enables us to give a complete description of the 

:n:- production spectra using only those :n:- moving backwards in the 

After checking that our c.m. :n:- momentum distribution was c.m. 

forward-back\orard syrr:me:tric, 1·:e reflected the forward :n: c.m. 

momenta and tran::;formed them back to the laboratory frame to 

double the statistics of our :n:- laboratory momenta distributions. 

The momenta of the :n: are decomposed into a momentum component 

along the beam direction' "(its longitudinal momentum p,) and a 
component in the plane perpendicular to the beam direction (its 

transverse momentum p 1 ). 

d2~ 
We calculated the cross section, --- = E F (E_)ncr , where, 

dp.!.dp 11 n n n 

in (2n+2)-pronged events with cross section !rn' n !rn is the rela-

tive production of :n:- and F (E) is the fraction of these :n: falline 
n 

into the laboratory momentum interval, AJ'l.!.Ap 11 • Our bins have 1-rldth 

. ap1 = ap .. == 0.1 GeV/c. 
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This cross section was evaluated in the laboratory frame to check 

;redictions of several current theories. These cross sections are 
==~~:;,;;:-,c~~~ 

expe::!~!_<:> .beSOIIl~,...£1:)Il:~~,~~t ~ll:iJ~!'!.~ene:rgi,~~s_in.deP"~n~:q:t~o,Li;:P.e 

incident beam momentum exct9pt for c}l~~~ __ in the_ kinema"t;:i,~ J:>Oll.Ildar.!e,~. 

W~ ~:~:d- :ll:t :!:~~n , ~a~ ~::~,~=t ~sing- the kinemati: ~egi on of 1t-

production at 13 GeV/c which is overlapped by those of the 

~our other beam momenta. 

For each bin of laboratory momentum, ApJ.APn, th!'\ magnitude of the 

cross sections at the five incident beam momenta were ordered from first 

first through fifth. Figures8- shows the distributions in rank as a 

f'lmction of beam momentum. For example, the left column of Figure 8 
I 

gives the number of times the largest cross section occurs at each 

beam momentum. Tii.e results show little correlation o:r·~rank with beam 

energy. 
2 As a further test of the prediction, we used the x -test to 

see if, for each bin, AP J..IU>" , the measurements of the cross 
2 

section, d ~ , can be represented by a single average value. 
dpJ.dp" 

? 
For each bin the minimum x- and corresponding confidence level 

are shown in Table· VI. In Figure 9, we display a histogram 
2 

of our X for four degrees of freedom. The least-squares averages 

o~ the cross sections are shown in Table VIr. 

The models of multi-particle production which predict the beam 

energy independence of these cross sections are: fhe multi-peripheral 

mOO.el, 34 the "parton" model, 35 and the "Hypothesis of Limiting 

Fragmentation. "17 As the beam energy increases, these theories are 

expected to deBcr:Lbe pion production over ever-widening ranges of 

laboratory manenta, so that the number of pions satisfying the hypotheses 

can increase without bound. lmt .in our range of l&b.oratory 1t momenta. 

-12-. 

our measured cross sections are those expected for all higher 

beam energies, 

C. Averar,e 1! Trr·nsverse l•io:nenturn 

The average of all 1!- transverse momenta is shown as a function 

of incident beam momentum in Figure 10. In this energy range, the 

average transverse momenta have reached oniy ~8c:tfo of the constant 
. . . ( ) 36 

value reported at much higher TeV energies. 

... 
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IV. CHARGED- PION PRODUCTION BY TOPOLOGY 

A, Rate of ChDrr;cd Pion Production 

The number of events classified by the numbers of final charged 

particles, i.e., our charged multiplicity distribution, is given in 

Table IX for each of our beam momenta. 

Using the~+ momentum spectrum estimated by the methods described 

+ in Section II -F, we found the average number of ~ per event.. In 

'fable X 
. + . -

we list the difference between the number of ~ and ~ 

per event for each topology and beam momentum. The excess number of 

+ -tC per event over the number of ~ appears to be some1-1hat independent 

of Charged multiplicity at our highest momenta~ At 28 GeV/c the 

incident nucleons for four prongs and above ha-.,re a probability of 

.37 ± .02 for exchanging their positive charge. 

B. Transverse and Longitudinal Charged Pion Center-of-l'-1ass l~omenta 

Figure 11 shows the transverse and longitudinal c.m. momentum 

distributions for pions of both charges, at each of the five beam 

momenta, and for all,non-strange inelastic topologies. We display 

dN dN . the data in separate histogre,ms of c.m. momentum, d- , d- , sumrrung 
p1 p~, 

over the dependence on the other momentum component, (The backward 

1t c.m. momenta were reflected and added to the forward c.m. ~ 

momenta to double our statics for our forward ~- c.m. momentum distri-

bution.) 

We studied the shape of the pion momentum distributions (the 

differential cross sections can be found from the topology cross 

sections in Table I) and found that we ca..'1 represent each histogram 

by functions of the form: 

-14-

. 5/2 3/2 -a,p, 
al. p.!. e - -

NT (3/4) ._f;,r. 
(1) 

dN (2) 
dp,, = 

where NT is the total number of tracks). These functions, suggested 

by the thermodynamical modelt7 ,3Ebad been used earlier by Elbert et 

al. , to obtain good fits to the distributions of c.m. momentum 
. 14 

24 GeV/c ~-p interactions. components of pions produced in 

The x2 minimization procedure was used to determine the best fit 

parameters. In fitting the~+ histograms, it was necessary to 

determine J.1i, the absolute sum of the quanti ties subtracted to 

determine Ni, the number of ~ +. The error in Ni is taken as SNi = .JMi • 

For the ~- histogr~s the error is taken to be SNi = ,iNi • 

Since the Poisson distribution is asymrnetric for small numbers, 

we only considered bins where N. ~ 5 for the 
1 

x2 
fits. With one 

adjustable parameter, the number of degrees of freedom is one less 

than the number of bins used. 

There were approximately 30 degrees of freedom for the 4 and 6 

prongs' longitudinal c.m. momentum distributions and about 20 for 

the remaining distributions. Figure 12 shows a histogram of confidence 

levels from the fits. Although the distribution peaks at zero, only 

four of the 94 fits have confidence levels of less than .01 and 

the lowest confidence level we found was 8x10-
4, showing that all of 

;,. - the distributions are reasonably fitted. 

The coefficients a
1 

and a, for the ~+and 1t- distributions are given 

in Table XI for every combination of beam momentum end charged multipli

city. The 1t + and ~ :- coefficients can be seen to be close in value 
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(within lei). However, at each beam energy, the coefficients descri-
' + bing 7t transverse momentum distributions are consistently e;reater 

than those describing the 7(-. 

Because of the better statistics, we study the topology and beam 

momentum dependence of the 7t- transverse and longitudinal c.m. 

mcmentum distribution coefficients. For each beam momentum, Figure 13 

shows the longitudinal and transverse coefficients as a function of 

topology. A linear fit is adequate to describe the dependence on the 

number of charged prongs. The results of the fits are superimposed 

on the data of Figure 13· as solid curves. With the same functional 

forms (1) and (2), the fits of 24 GeV/c 7t-p interactions by Elbert 

et al. also showed a linear dependence on the number of charged 

prongs. 

The coefficients a, of our longitudinal c.m. mome:1tum distributions 

are shown in Figure 14 for all topologies as a fUnction of beam 

momentum. The variation of the coefficients a, with tre total c.m._ 

energy, Wcm' and the number of 7t- per event, n, is well represented 

by the function: a,(n,W ) = cW+dn • A fit to our 24 7t- longitudinal em 
2 em 

coefficients gives X = 27 for c = 10.2 ± 0.2 and d = 5.4 ± 0.1 

The curves corresponding to the fit are shown superimposed on Figure 

14 . It would be ·interesting to see if these coefficients are 

capable of describi11g the shape of charged pion momentum distributions 

by topology at much higher energies. 

Figure 15 shows the transverse coefficients as a fUnction of beam 

momentum for all topologies. The total reaction energy dependence 

of the transverse coefficients was fit separately for each topology 

to_the fUnction form: (3) 

-16-

Our fits are superimposed on Figure 15. Fitting the coefficients 

e(n) and f(n) with a linear dependence on topology gives 

e(n) 

f{n) 

(6.3 ± 0.5) + (-0.3 ± 0.3)n 

(5.9 ± 3.2) + (5.3 ± 1.8)n 

The only significant topology dependence is from the energy-dependent 

term and agrees well with that of the longitudinal coefficient, 

{10.2 ± 0.2) + (5.lt ± O.l)n 
a .. (n,l'lcm) ~ Wcni 

If the energy dependence of equation (3) holds, the asymptotic values 

of the coefficients a! at high energy are consistent '1-Tith being inde-

pendent of the topology. 

In the statistical thermodynamic model of·R. Hagedorn, the thermo-

dynamic production of particles reaches a maximum temperature 

T = 16o J.leV at the "boiling point of hadronic matter. ,;3
7 

l"or 
0 

descriptions of the transverse momentum distributions by the 

function (1) the temperature T gives a limiting value of a! , - 0 
6.25 • 
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V. CONCLUSIONS 

In our survey of inelastic non-strange proton-proton interactions 

over a wide range of beam energies, we found many aspects of multiple 

charged pion production which could be described simply. 

The cross ~~-ction for Broduction of rr -, s with slow laboz;a:to.:_rx 

momenta via the reaction P.P-~_rr- + ~~h~g is constant indep~ndent 

of the beam momentum. The Hypothesis of Limiting Fragmentation holds 

for rr production at our energies. 

Fbr different numbers of final charged particles, the shapes of 

secondary charged pion tkansverse and longitudinal c.m. momentum 

distributions can be accurately summarized by one-parameter functions. 

In our energy range, the transverse momentum spectra appear to be 

~-_----undergoing a transition to an asymptotic distribution whose I independ~t of the ebBrged multiplicity and beom "'m=tum. 
. ;:..., 

shape is 

The shapes of all of our longitudinal c.m. momentum distributions 

are described by a simple two-parameter function which shows the 

dependence on beam momentum and number of final charged particles. 

] 
l 
l 
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APPENDICES 

A. Calculations of the Topology eros::; Sections 

We completed a conflict scan of our film for all topologies except 

two prongs. The scanners counted the beam tracks in a portion of the 

film at each beam momentum. This appendix describes our calculation 

of the non-strange (excluding.two prongs) topology cross sections at 

our five momenta. 

1. Determination of topology cross section 

The partial cross sections were calculated as 

where 

1) 

(1, 
~ 

(1) 

N. is the number of particles of a given topology in this 
~ 

portion of the film corrected for scanning inefficiencies. 

2) uT is the total proton-proton cross section. 

3) ~t is the number of entering beam tracks. 

4) L is the length of a track down the whole bubble 

chamber = 139 ~ 1 em. 

5) p is the density of hydrogen in the BNL 80-inch bubble 

chamber = o.o6138 ! o.ooo65 gm/cm3• 

6) N is Avogadro's number= 6.02252 x 1023/mole. 
a 

7) M is the proton's gram atomic weight 1. 0073 gm/mole. 

Equation (1) follows from the usual definition of a partial cross 

section~ IT. = 
~ 

Ni 
, where P is the total path length. 

(PPN /M) a 

The total path length is calculated from the attenuation of the total 

number of beam tracks, 1\t' as they travel down the bubble chamber of 

length L: p = 

-20-

f~ e-x/"h dx. 
0 bt 

I 

where 

2. Values used in the calcula.tion of the tcpolcr:;y cross sections 

a. Scanning efficiencies and the total number of events. Non-

strange topologies have no decays or "Vee's" in the scan volume. 

Multi-prongs with associated electron-positron pairs were taken as 

normal multi-prongs if the pair had both tracks minimum ionizing and 

had momenta less than 110 MeV/c. If a pair had a 0° opening angle 

and momenta less than 1.5 BeV/c, it was also treated as an associated e~ 

For each topology and at each momentum, the total number of 

events was inferred from the efficiencies e
1

, e 2, for the first or 

second scanner finding an event in the (assumed) statistically 

independent sample of all the events seen by the other scanner. 

Then the probability of .the -conflict scan's missing an event may be 

taken as (1- E1 ) (1- £ 2), which Tableiiishows is less than o.ooo6 

for all topologies and beam momenta. The efficiency of the conflict 

scan's .finding an event is 1-,(1- e 1) (1- e 2). The total number of 

events is then the total number seen by the conflict scan divided by 

its efficiency for finding an event. (This discussion is identical 

to that of reference 39 except that the efficiency of a scanner is 

defined as the total number that scanner sees out of all events seen 

by the conflict scan.) The error in the total number of events, 

taken as the square root, disregards the errors in the efficiencies. 

According to reference 4o, either scanner's ruling a frame 

unscannable resulted in all events in the frame being deleted. This 

convention should not affect the total number of events, but we found 

it slightly affected the number of events seen with many prongs. 

. .. 
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b. Beam track count. The scanners counted all the beam tracks 

according to the instructions of reference 20. 

c. t . b t k We used the conventions Length of non-interac 1ng earn rae . 

of reference 20 to determine the desired fiducial volume correspondi;1g 

~ bl On one scan table, using measured to grids 3-co on the scan ta e. 

events' reconstructed vertex locations, we found events under the lines 

between grids 2.and 3 and grids 26 and 27~ The difference in the ver

tex y coordinates yielded 139 em in space, which we use as a fiducial 

length. Then with some events lying under these _grid lines we examined 

the effects of: 

l) different scan tables 

2) distortion caused by grid or film not moving in the focal 

plane of its lens. 

3) three different grid alignment criteria given in refer-

ence 20 • 

we concluded that an error of ± l/6 grid zone or ± l em reconstructed 

in bubble chamber.space was appropriate. (This corresponds to a ·7 °fc 
error in the number of ~b event.) The entry a~gle of-the beam and the 

protons' curvature in the magnetic field give a systematic extra track 

length of .3 °/
0

• 

A Master List tally by grid zone showed no decline in the number of 

events in our extreme grid zones. 

d. Hydrogen Density, Avogadro's Number, and Proton Mass in amu. 

Reference 29 gives qur value of the density of liquid hydrogen in the 

BNL 8o-inch bubble chamber.: 
. 3 

0.06138 ± 0.00065 gmfem • 

Reference 41 gives Avogadro's number and the proton's atomic mass. 

(We took the errors on both of these numbers to .be zerq.) 
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e. Dependence on ~~. 

Because our bubble chamber is only l/5 of an interaction lenGth for 

protons in hydrogen, the variation of the number of ~b/ event, 

( -LpNa ~T/M 
Nbt 1-e 

is small with respect to any variatio~ of the input parameter, oT • 

For example, a change .of irT . from 39 mb to 30 or 50 mb changes the ~b/ 

o/ .· event by ± 2.5 
0 We chose our ~T from the results of reference 5 

since they had measurements close to all of our momenta. The relatively 

large uncertainty (± 1.5mb) of these measurements does not trouble us 

since it accounts for a fractional error of only .4 °/
0 

in our expres-

· sion. 
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B. 
. + 

Procedure for Separating :rr and Proton Momentum Spectra 

We prepared histograms of the pion and proton c.m. momenta from the 
l. 

sample of positive tra c'~s 'laboratory momenta by the following procedure: 

(1) Transform the laboratory momentum to the c.m. with a pion mass 
2. 

and, if the longitudinal component of c.m. momentum is negative, con-

tinue with (2), otherwise g~ to (4). 

(2) Reflect the c.m. momentum forward, transform the momentum to 
3. 

the laboratory as a pion, transform it to the c.m. as a proton, and 

enter it in the proton histograms with negative weight. 

(3) Reflect the c.m. momentum backward, transform to the laboratory 

as a proton, transform the c.m. as a pion, and include in the pion 

histograms with positive weight. If the longitudinal component of the 

c.m. momentum is negative iterate the procedure (i.e., return to (2)), 
4. 

otherwise stop. 

(4) Transform the initial laboratory momentum to the c.m. as a 

proton: if the c.m. longitudinal momentum is positive continue with 
5· 

5), otherwise stop. 

(5) Reflect the c.m. momentum backwards, transform it to the 6. 

laboratory as a proton, transform it to the c.m. as a pion, and give 

it negative weight in the pion distributions 

(6) Reflect it forward and transform it to the laboratory as a 

pion, transform it to the c.m. as a proton and enter it in the proton 

histograms with positive weight. If the longitudinal c.m. momentum 7. 

of the proton is positive, iterate the procedure (i.e., go to (5)), 

otherwise stop. 8. 
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Table I. Non-Stran:ge Inelastic 'l'opo:).ogy Cross Sections (mb)·* 

• 
12:88 

-~ Topology 

'·~. 

'"' 

... 

(number of 
prongs) 

4 13 • .Q ±.4 
.6 3.9 ±.2 
8 -55 ±.07 

10 ( .023±.008) 
12 ( .003±.003) 
14 (.OOQ±.003) 

*Cross sections 
exposure 

Table II. 

Number of 
Final Charged 
Tracks 

4 

6 

8 

10 

-12 

14 

·"Beam Momentu!n (in GeV/c) 
18.00 21.08 24.12 28.4-4 

12.8 ±.3 12.0 ±.3 11.8 ±.3 11.1 ±.3 
5.2 .:±.2 5.9 ±.2 6.4 ±.2 6.4 ±.2 
L3 ..±.1 1.8 ±·.1 2.2 ±.1 2.5 ±.1 
(.13;±.02) .37 ±.()5 .27 ±.05 .80 ±.08 
( • o2o±. oo6) ( .o32 ±.oc:B ) (.o6 ±.01) (.o9 ±.02) 
( .000±.003) (.002±.002) ( .oo6±.oo4) ( .OlQ±.005) 

in parentheses calculated from scan of entire 

Number.and Fraction of Measured Events 

~ccessfully Reconstructed 

.Nominal Beam Momentum (in GeV/c) 

l3 18 21 24 28 

4514 6207 5685 4351 3803 
.9)66 ·9717 ·9775 ·9714 .9682 

1>419 2632 2943 2400 2348 
,;'9692 .9627 .9681 .9635 ·9690 

,2()8 627 837 BoB 894 
.9455 .9486 • CJ577 • 93CJ5 ·9427 

7 62 133 123 240 
.• 8750 .8857 • CJ)OO ·9111 .9266 

1 5 12 12 28 
1. .7143· .8571 .6316 .8485 

0 2 0 2 3 
l. l. l. 
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Table III. Tabulation of Track Loss 
in Reconstruction Program SIOUX 

Number of Positively Charged Tracks Actually Passing SIOUX 
Number of Potential Positive Tracks from Passing Events 

Humber of 
Prongs 

4 

6 

. 8 

10 

12 

14 

I 

J.3 

13351 
13542 

5591 
5676 

990 
'.lo4o 

4 
42 

7 
7 

0 

Nominal Beam !!,omentum 
(l.n GeV/c)· 

18 21 24 

181+10 16835 12869 
18621 17055 13053 

10358 11594 9450 
10528 11772 9600 

3070 4083 3CJ)l 
3135 4185 4o4o 

368 790 7o6 
372 798 738 

35 84 84 
35 84 84 

16 0 16 
16 16 

28.5 

11203 
11409 

9209 
9392 

4374 
4470 

1424 
141~0 

196 
19'5 

24 
24 
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Table IV. Tabulation of Track Loss 
in Reconstruction Program SIOUX 

Number of Negatively Charged Tracks Actually Passing SIOUX 
Number of Potential Negative Tracks from Passing Events 

Number of Nominal Beam r~omentum 
Prongs (in GeV/c~ 

13 18 21 24 
4 4477 6173 5642 4314. 

4514 6207 5685 4351 

6 2812 5234 5848 4773 
2838 5264 5886 48oo 

8 597 1845 2461 2386 
624 1881 2511 2424 

10 28 247 531 476 
28 248 532 492 

12 5 25 60 60 
5 25 60 60 

14 12 12 
12 12 

28.5 
3780 
3803 

4668 Table 
4696 Cross 

2648 
2682 I 

Beam 
953 Momentum 
960 (in GeV/c) 

Cross Section 
139 (mb) 
140 

Average Nu.'llber 

18 per Event 

18 (all ±.02) 
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v. Non-strange Production of n-: 

Section and Average Number per Event 

13 18 21 24 

22.6 27.7 30.7 32.6 
±.6 ±.7 ±.8 ±.8 
.58 .70 ·78 .84 

28 

35.3 
±.9 
.88 

,. 

~. 

.. 

'~,.;. 

j 

r 
! 

_j 
~. i 
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Table VI. Table VII. 

x2 (and Confidence Level) from Least Squares Fit to the Laboratory Least Squares Average of the Laboratory Differential Production 
Differential Production Cross Sections for~- for 0. GeV/c ~ pL~0·7 GeV/c. Cross Sections for~- for 0. GeV/c ~ p, ~ 0.7 GeV/c. , 

• Central Value of 0.1 Central Value of 0,1 
GeV/c Bin Transverse GeV/c Bin Transverse 
Momentum (in GeV/c) Momentum (in GeV/c) 

' '"' .65 4.6 2.5 3.4 5·7 2.7 9-1 .65 .003 .009 .023 .030 .041 .047 
( .33) ( .64) ( .49) ( .22) ( .60) ( .o6) ±.001 ±.002 ±.003 ±.004 ±.oo4 ±.005 

I -55 4.6 5·4 6.1 Ll 2.1 2.8 3.3 ·55 .oo3 .020 .033 .060 .085 .no .118 

f·. ( .33) ( -97) ( .19) ( .89) (. 72) (-59) (-51) ±.ooi ±.003 ±.004 ±.oo6 ±.oo6 ±.oo8 ±.oo8 

.45 1.5 2.2 L7 10.4 ·98 4.4 .66 5.8 .45 .oo8 .034 .061 .103 .166 .206 .240 .247 
( .82) (. 71) ( .80) ( .03) ( ·91) ( .35+) ( -96) ( .21) ±.002 ±.oo4 ±.006 ±.007 ±.009 ±.010 ±.011 ±.on 

.35 4.0 3.1 2.7 3.3 3.2 5.3 1.8 8.5 5.4 .35 .004 .o36 .098 .167 .287 .386 .469 .473 .496 
( .41) (-53) ( .61) (.52) (-53) ( .26) (. 78) ( .08) (. 25) ±.001 ±.004 ±.007 ±.009 ±.012 ±.014 ±.016 ±.016 ±.017 

-25 3.5 5-7 2.7 5-8 3.2 3.0 2.4 3.6 6.3 .25 .018 .085. .226 .478 .688 .814 .816 .810 -755 
( .48) ( .22) ( .62) ( .22) (-53) (-55+) ( .67) ( .46) (.18) ±.003 ±.006 ±.on ±.016 ±.020 ±;022 ±.022 ±.022 ±.021 

I 
.15 14.0 12.0. 3.4 4.1 11.0 4.6 2.4 ;15 .022 .121 .423 .889 1.105 1.156 1.052 

I ( .007) (.on) ( .49) ( .39) ( .03) ( .33) ( .66) ±.cb3 ±.Oo8 ±.015 ±.023 ±.026 ±.027 ±.026 
' ~·' l ·05 .78 6.1 2-5' 1.6 8.2 4.0 4.3 -05 .oo3 .009 .074 .295 .534 .660 ·596 
I (. 94) (.19) ( .65 ) ( .81) ( .08) (. 41) ( .36) .±.001 ±.002 ±.006 ±.012 ±.017 ±.020 ±.018 
( 

,.I -.35 -.25 -.15 -.05 .05 .15 .2') -35 .45 ·55 -.35 -.25 -.15 -.05 ·05 .15 ·25 .35 .45 -55 

i Central Value of 0.1 GeV/c Wide Bin in I.ongitudina:lcomponent of Central Value of 0.1 GeV/c Wide Bin in I.ongitudina.J. Component of 
Laboratory Momentum (in GeV/c) Laboratory Momentum (in GeV/c) 

Central Value of 0.1 Central Value of 0.1 
i GeV/c Bin Transverse GeV/c Bin Transverse 
·,. Momentum (in GeV/c) Momentum (in GeV/c) 

.65 9.2 5.3 1.7 2.9 4.3 3.9 2.7 4.0 .65 .060 .o64 .072 .079 .070 .069 .o66 .070 .071 
2.1 ±.oo6 ±.006 ±.006 ±.006 ±.006 ±.006 ±.006 ±.006 ±.oo6 

( .06) ( .26) ( .80) (.58) ( .37) ( .42) ( .61) (. 71) ( .41) 

-55 5.6 1.7 2.1 6.4 1.7 6.6 18.9 -55 .151 .134 .129 .i3l .127 .123 .122 .n3 .105 

( .23) (.79) (. 72) ( .n) ( .Bo) ( .16) (.10008) 
±;009 ±.008 ±.008 ±.008 ±.008 ±.008 ±.oo8 ±.008 ±.oo8 

,J,. .45 7.2 2.5 9-3 5·7 .45 .271 .247 .248 .253 
I (. i3) ( .65) ( ·05) (.22) ±.012 ±.on ±.on ±.012 

.35 4.4 2.5 .35 .489 .418 

'"' (.36) ( .64) ±.016 ±.015 
I 

.65 -75 .85 ·9'5 1.05 1.15 1.25 1.35 1.45 .65 .(5 .85 ·9'5 1.05 1.15 1.25 1.35 1.45 

Central Value of 0.1 GeV/c Wide Bi:-1 in I.ongitudinaJ,. Component of 
Central Value of 0.1 GeV/c Wide Bin in !DngitudinalComponent of 

Laboratory Momentum (in GeV/c) 
Laboratory Momentum (in GeV/c) 
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Table VIII. Average 1t Transverse Homentwn as a Table IX.Relative J\'umbers of Events by 'Ibpology 

Function of Bemn Encrey Number of Events Seen by Both Scanners • 
Momentum 12.88 18.00 2l.o8· 24.12 28.44 

Beam in GeV c ,, ~ 

Momentum 13 18 21 24 28.5 topology 

(in GeV/c} (number of 

.294 :3o8 .309 .314 .)18 
prongs) 

Average 1t 

Transverse ±.oo6 ±,005 ±.005 ±.006 ±.006 
4 4796 6755 6150. 4758 4o68 

Momentum 
(in GeV/c) 

6 1473 2827 3084 2548 2447 

8 214 698 894 872 975 
.. -·-·--·-~ 

10 8 72 147 145 278 

12 1 11 16 20 34 
.... 

14 0 2 1 2 4 

:., 

·~ . 

..,., 



i ,· 

Number of 
Prongs 

4 

6 

8 

10 

12 
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Table X. 

A~erage Difference Bet~een the Number of 
rr and the Numtt:r of rr per Event 

13 

0.61 
±.o4 

o.4o 
±.07 

0.34 
±.20 

Nominal Beam Momentum 
(in GeV/c) 

18 21 

0.66 0.68 
±.04 ±.04 

0.58 0.61 
±.o6 ±.06 

0.44 0.49 
±.12 ±.11 

0.01 0.09 
±.40 ±.28 

0.20 -0.67 
±1.55- ±.97 

24 

0.79 
±.05 

0.57 
±.o6 

0.65 
±.12 

0.64 
±.31 

0.67 
±1.13 

28.5 

0.79 
±.05 

0.66 
±.07 

0.71 
±.11 

0.69 
±.22 

0.07 
±.64 
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Table XI 

CoefficientsDescribing Transverse Horr;entum Distributions of ll + 
(in (GeV/c)-1 ) 

Number of 
Final Nominal Beam Momentum 
Charged {in GeV/c) 
Tracks 13 18 21 

4 8.69 8.14 . 7.92 
±.15 ±.13 ±.14 

6 9·35 8.20 8.33 
±.20 ±.13 ±.13 

8 9·69 9.06 9.21 
±.45 ±.24 ±.21 

10 10.50 9.82. 
±.93 ±.58 

12 14.19 17.33 
±11.68 ±6.47 

24 
7·85 
±.15 

8.08 
±.14 

8.98 
±.22 

8.94 
±.47 

14.38 
±3.64 

28 
1·91 
±.15 

8.17 
. ±.15 

8.48 
,±.22_ 

8.78 
±.33 

11.45 
±2.05 

Coefficients rescribing Transverse Momentum ·Distributions of rr-
{in {GeV/c)- ) · 

Number of 
Final Nominal Beam Momentum 
Charged (in GeV/c) 
Tr!H:ks 13 18 21 - 24 28 

4 8.15 7.86 7.72 7·57 7.44 
±.08 ±.07 ±.07 ±.08 ±.09 

6 8.76 8.18 8.09 7·92 7.82 
±.12 ±.o8 ±.07 ±.08 ±.08 

8 10.25 8.87 8.80 8.47 8.19 
±.32 ±.15 ±.12 ±.12 ±.11 

10 16.94 9·19 9.60 9.08 9.16 
±7.00 ±.51 ±.31 ±.32 ±.21 

12 14.19 12.18 12.31 10.36 
±11.68 ±2.5Q ±1.94 ±.84 

14 14.18 
±13.46 
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Table XI. continued 

Coefficients Describing lonei tudinal Center-of -J.:=tss 
Table XII 

lflll~BER OF EVEliTS. SEEN BY BOTH SCANNERS* 
l·lomentum Distr:ihc.tions of rr + (in (GeV/cr

1
) 

Momentum 12.88 18. 21.08 24.12 28.44 !.,-

Kumber of in GeV/c 
:Final Nominal Beam l·~omen"tum topology 
Charged (in GeV/c) (number of 

·1.. 
~·racks 13 18 21 21! 28 

prongs) 

4 1652 1860 1591 1597 13ll 
4 3.21 2.52 2.29 2.13 2.02 

±.08 ±.06 ±.06 ±.06 ±.07 6 497 753 784 868 759 

6 4~44 3.59 3.02 2.82 2.63 8 70 190 234 296 291 
±.15 ±.09 ±.08 ±.oB ±.08 

10 (1) (23) 49 37 94 
8 5.35 4.25 4.06 3.73 3.33 

±.48 ±.17 ±•15 ±-14 ±·J2 12 (1) (2) (4) (8) (14) 

10 5.10 5.116 ~ 5-36 4.02. 14 0 (o) (0) (0) (1) 
±-96 ±•56 ±·57 ±·25 * Because of the small statistics of the entries shown in parenthese~ 

J2 9.54 7.26 5.89 the corresponding topology cross sections were calculated using the 
±8.84 ±2.99 ±1.65 m.nnbers of events seen in the scan of all the fillll. (!!he number of 

uncounted beam tracks was estimated f'rom. the relative-numbers of 
f'rames ~} -

, .. 
PROBABILITY OF SCANNER 1 MISSING AN EVENT 
PROBABILITY OF SCANNER 2 MISSING AN EVENT 

Coefficienis Describin~ Iongi tudinal Center.:..of-J.:ass ).~omentum Momentum 12.88 18. 21.08 24.12 28.44 

Distributions of r. - (in (GeV/c)-1 ) 
in GeV/c 
topology 

Number of 
(number of 
prongs) 

Finrrl Nomina 1 Beam l•iomentum 4 .01317 .02443 .01480 .02228 .01819 Churged (in GeV/c) .01234 .02369 .01463 ·.01976 .02089 Trad;.s 13 18 21 24 28 

4 3.04 
6 .01021 .01o61 .Oll02 .00824 .00654 

2.57 2.39 2.33 2. J2 .009)3 .01238 .oo649 .00981 .00981 
±.0:5 ±.04 ±.04 ±.04 ±.04 

6 
8 .00467 ;01433 .00783 .on47 .01026 

4.14 3.56 3.31 3.01 2.85 .o .on46 .oo44} .on47 .00923 
±.08 ±.0:5 ±.04 ±.0:5 ±.0:5 

10 -125 .01389 .01361 .02o69 .01079 
8 5-27 4.55 4.10 . 3.90 3.44 .o .01389 .oo68o .01379 .o 

±.29 ±.J2 ±.09 ±.09 ±.08 
(.· 

12 .o .o .o .1 .o 
10 8.45 5.42 4.37 .. 5.34 4.06 .o .o .o .o .o 

±3. 0:5 ±.49 ±.24 ±.31 ±.17 ,., 
14 .o .o .o .o 

12 7.48 7·15 9.27 5.33 .o .o .o .0 
±3.37 ±1.84 ±2.86 ±.82 
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~b/event 

12.88 
39.0 

27326 

7.87 
±.10 
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Table XII. continued 

18. 
39.7 

6.87 
±.08 

7.53 
±.09 

7.38 
±.09 

28 .44 
39.9 

8.5Q 
±.16 
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FIGURE CAPI'IONS 

Figure 1. _Fourteen-prong in the B. N. L. 80-Inch Hydroge!'"; Bubble 

Figure 2 . 

Figur.e 3. 

Figure 4. 

Figure 5 · 

Chamber. 

(a) Topology cross sections as a function of beam momentum. 

The smooth curves through the four-, six-, and eight-prongs 

are the results of a fit to our data described in reference 

21. Freehand (dashed) curves were drawn through the 10-, 

12-, and 14-prongs. (b) Topology cross sections of the 

four-, six-, and eight-prongs on a larger. scale (with 

freehand curves through them). 

Description of the measuring procedure. 

Inverse laboratory momentum of positively charged tracks 

from 28 GeV/c four-prongs. 

(a) Transverse and (b) longitudinal laboratory momentum of 

positively charged tracks from 28 GeV/c four prongs. 

Figure 6. Inverse laboratory momentum of negatively charged tracks 

from 28 GeV/c four prongs. 

Figure 7. Average number of rr -'s per proton-proton interaction as a 

function of incident beam momentum. 

Figure 8. Distribution of order of cross section magnitudes as a 

function of incident beam momentum. 

Figure 9· Distribution of X
2 

from testing constancy of laboratory 

differential production cross sections for rr- (see text). 

Figure 10. Average transverse momentum of rr as a function of incident 

beam momentum. 

Figure 11. Transverse and longitudinal c .m. momentum distributions of · 

+ -rr and rr by topology and beam momentum. The curves super-

imposed on the data come from individual fits to each 
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distribution as described in the text. 

Figure 12. Distributions in the confidence level from the f its to 

the transverse and longitudinal c.m. momentum dist ributions 

described in the text . 

Figure 13 . Topology dependence of (a) longitudinal coefficient a, and 

(b) transverse coefficient a1 • 

Figure 14. Longitudinal coefficient a, as a function of beam momentum 

for each topology. The smooth curves are the result of a 

fit to the coeffi ci ents of all topologies and beam momenta 

described in the text. 

Figure 15. Transverse coefficient a 1 · as a function of incident beam 

beam momentum for each topology. The beam energy dependence 

of the coefficients was fitted aeparately for each topology 

to give the smooth curves (see text). 

-44-
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reads i ni tial "t!aster ~ist" (list of conflict 

scanned multi-prongs) to give both a "Measurement 

g_e~est " (tape listing events to be measured) and 

an inte rmediate Master List annotated with the 

measur ement requests 

II records sets of points along the image of 

. the track in each of' the three views on a 

"Data Measurement Tape" 

checks consistency and fiducial volume to give 

a care ~ formatted tape 

finds most likely association of track images 

in thr ee views 

uses it s Three View Geometry subroutines to 

reconst ruct the trajectory of three dimensional 

tracks from the sets of points from track images 

to put out a "Soo Tape" of measl,U'ed momenta with 

errors 

compar es the Soo Tape with the measurement requests 

on the intermediate Master List to give a "Data 

Summary Tape" of measurements and a final Master 

List with results of multi-prong measurements 

Figure 3. 
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DistributIon in X1 
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Fit to Five Values 
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Figure 9· 
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r------------------LEGALNOTICE---------------------

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 
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