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Abstract 

The elastic and topological pp cross sections have been 

measured at 48.9 GeV/c in the Fermilab Proportional Wire 

Chamber 30-Inch Bubble Chamber Hybrid Spectrometer. The 

elastic cross section is 7.81 ± 0.24 mb and the slope of the 

-2elastic differential cross section at t = 0 is 13.4 ± 0.8 GeV • 

Further, the moments of the inelastic topological cross 

s~ction distribution are <nc> = 5.69 ± O.O~ <nc>/D = 2.10 ± 

0.02, and f~c = 1.67 + 0.12. 
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The nature of high energy antiproton-proton interactions and their 

relation to proton-proton interactions are not yet fully understood [lJ. 

Until recently, experimental study of pp interactions at high energies has 

been hindered by the unavailability of p beams. Moreover, the annihilation 

process becomes increasingly difficult to study as its cross section falls 

rapidly with increasing energy. The former difficulty has been overcome 

with an enriched p beam, and the study of high energy pp annihilation 

has been optimized by choosing 50 GeV/c beam energy, where the annihilation 

process is expected to be greater than 10% of the total pp cross section, 

and where hadronic interactions are entering the high energy regime. In 

this paper we present a study of some features of the pp charged multiplicity 

distribution at 50 GeV/c and make comparisons with pp and pp interactions 

at energies between 3 GeV and 400 GeV. In the accompanying paper we discuss 

the pp - pp topological cross section differences. 

The results are derived from a sample of 92 000 pictures taken in 

the Fermilab Proportional Wire Chamber 30-Inch Bubble Chamber Hybrid 

Spectrometer (PWHS) [2J. The beam incident upon the hydrogen filled 

rapid cycling bubble chamber was created by a novel antiproton enrichment 

-scheme, first proposed by W. Neale [3J, which was modified for greater p 

yield [4J. The 400 GeV/c extracted proton beam from the accelerator was 

focused onto a copper target located halfway along the bore of a ten foot 

long sweeping magnet, which removed all charged particles emerging from the 

target. Antilambdas and other neutral particles that decayed, after emerging 

from the magnet at 6 milliradians, were the source of the beam which 

contained 30% antiprotons. The remainder of the beam consisted primarily 

onegaf t 1ve' p10ns f the decay of KO,s and AO,s. A bubble chamber, rom 
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photograph was taken only if two or more antiproton beam particles entered 

the chamber, resulting in an effective flux of ~ 42% antiprotons. As a 

result of this antiproton enrichment scheme, 57% of the observed interactions 

were induced by antiprotons. 

The antiprotons were tagged by a Cerenkov counter operated in a 

threshold mode, and the antiproton events contain a 3% background from 

t l•mistagged pion induced events Three triplets of upstream Proportional 

Wire Chambers (PWC) accurately determined the beam position and direction 

in the bubble chamber. The beam momentum was determined to be 48.9 ± 

0.5 GeV/c by swimming 1700 beam tracks from the upstream NC' s through 

the bubble chamber magnetic field to the downstream wire chambers, as in [5]. 

The quoted error in the beam momentum is dominated by uncertainties in the 

magnetic fringe field. 

Events of all topologies, including those with VO's and y's pointing 

to the event vertex, were scanned and measured using Scanning and Measuring 

Projectors with online Three View Geometry Program (TVGP). An effective 

track reconstruction efficiency of approximately 99% was obtained with this 

system. A second independent scan was done on 20% of the film distributed 

evenly throughout the experiment. Separate single scanning efficiencies 

were found for the following categories: zero prongs without associated 

neutrals (75 ± 25%), two prongs without associated neutrons (85 ± 2%), 

and all other events (91 ± 1%). 

tlA comparison of the beam tagging Cerenkov counter and another 
Cerenkov counter for the last quarter of the run showed that the antiproton 
signal included a 6% background (mostly consisting of negative pions). 
Taking into account n- decay between the tagging Cerenkov and the bubble 
chamber and the n-/p cross section ratio, a 3% background in the antiproton 
event sample was calculated. 

, S'.DD,£ ...... 
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The ionization bubble density of each measured positive track with 

momentum less than 1.33 GeV/c was examined to obtain identification of slow 

protons and pions. The tracks unidentifiable by ionization were treated 

as pions unless they were otherwise identified by a four constraint kinematic 

fit. No conflict was found between kinematic fits to elastic scattering 

(see below) and the bubble density identification. 

The four downstream PWC's located two to six meters from the center 

of the bubble chamber utilized the bubble chamber fringe field and the 

increased lever arm to improve the momentum measurement of fast secondary 

tracks. The Proportional Wire Geometry Program (PWGP) [6] was used to 

construct upstream and downstream wire chamber tracks. The program HOOKUP [7] 

was used to combine the bubble chamber and wire chamber data. An event 

-was called a tagged p event only if the bubble chamber beam track matched 

in intercept and angle with an upstream wire chamber track associated with 

a null Cerenkov signal. Wherever possible links were established between 

secondary tracks in the bubble chamber and the downstream PWC's when the 

bubble chamber measured momenta were greater than 15 GeV/c. About 45% 

of the tracks with measured momenta between 15 and 25 GeV/c and about 70% 

of the tracks with measured momenta above 25 GeV/c were successfully linked 

with secondaries. The momentum resolution was 7-10% for the linked 

secondaries. The bare bubble chamber information was used if there was no 

hookup. 

Determination of the elastic cross section and the total number of 

events: The elastic reaction hypothesis was tried for all 2569 measured 

two prong events using the SQUAW kinematic fitting program. Instead of the 

usual four momentum conservation, SQUAW was modified to conserve 
~ 
p and 

~ ~ h ~" " t -dE - p·n were n ~s a un1t vector 1n"he ~nC1 - ent beam d"1rect-~on. Events 
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having a four constraint (4C) chi-square of less than 30 were selected as 

elastic events. A few of the true elastic event failed to satisfy the above ~ 

criterion after the first pass of measurements. In order to find additional 

candidates for elastic events, a remeasurement list was made (a) from the 

2
high X tail of the 4C elastic distribution, (b) from 3C elastic fits where 

the momentum of the fast track was deleted, (c) from 4C fits obtained by 

dropping one of the three stereoscopic views, (d) and from events having 

a downstream wire hit compatible with the calculated direction of the fast 

elastic recoil track. Events which passed the 4C criterion after remeasure­

ment were added to the elastic sample. This procedure resulted in a 10% 

addition to the initial elastic sample. Criterion (d) alone yields an 8% 

addition to the initial elastic sample. 

To determine the elastic cross section and the total number of events, 

the following corrections were made: 

(1) The inelastic event background in the sample selected as 

elastic events was measured as follows: (a) The contamination from 

multineutral events was found to be negligible by attempting to fit four 

prong events with two tracks omitted. (b) It was found that two of the 

two prong events with associated gammas passed the elastic selection 

criterion. Assuming that one TI 
o was produced in each event and using the 

probability of pair conversion in the bubble chamber, a total contamination 

of 2.4 ± 1.7% was calculated. 

(2) Both elastic and inelastic two prong events with small four 

mOmentum transfer squared (t) tended to be missed in both scans if the . 

recoil proton track pointed toward or away from the cameras. Therefore, 

the distributions of the proton azimuthal angle about the beam direction 

. '-­
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were repopulated separately for the five t-intervals in the range 

20.04 ~ -t ~ 0.14 GeV • 

(3)� In order to determine the number of elastic events with 

2
-t ~ 0.04 GeV� , the elastic differential distribution was fitted to the form 

2) 2•
A exp� (Bt + Ct in the interval 0.04 ::;; -e ::;; 0.30 GeV

(4) After the initial fit and the low t correction were made, the 

resulting total number of events was used along with crT = 43.86 ± 0.25 mb [8]t2 

and the optical theorem to compute the number of events (dNel!dt) at t = O. 

Imposing the condition that the fit passes through this point within its 

error of 1.5% relative to our data, the above procedure was iterated until 

consistency was obtained. 

Using these procedures the elastic and topological cross sections 

2 
were obtained, normalized to the above total cross section from Ref. [8].t

In particular� it was found that 0el = 7.81 ± 0.24 mb, where the uncertain­

ties in all of the corrections have been folded in. The fitted parameters 

are: 

-2
A = 98.5 ± 1. 5 mb� GeV 

-2
B = 13.4 ± 0.8 GeV 

-4
C 4.4 ± 3.9 GeV 

Figure 1 shows the elastic data along with the fit. The value of A reflects 

the optical point and therefore the counter data. The values of Band C 

reflect the data of this experiment and agree well with the parameters 

measured" by Ayres, et ~. [9]. 

t2The total cross section aT was determined to be 44.9 ± 1.2 mb, using 
20% of the film. This result is in good agreement with that of A. S. Carroll, 
et a1., [8J, aT = 43.86 ± 0.25 mb at 50 GeV/c. 
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Determination of the multiplicity cross sections: First, corrections 

were made to each charged multiplicity cross section for undetected Dalitz 

pairs. Neutral strange particle decays and y conversions were measured 

and constrained kinematic fits were attempted assuming that the neutral 

particles originated from the primary event vertex. Gammas were weighted 

by the probability of converting in a cylindrical fiducial volume of radius 

30 em, and it was assumed that all gammas arose from ITo decay, and that 

the scanning efficiency for pairs was 100%. Using the ITo Da1itz decay 

branching ratio of 1.15%, it is estimated that about 200 out of 10 000 

events have Dalitz pairs (for ~ 1/3 of these events the Dalitz pair was 

found in scanning). The charged multiplicity cross sections were adjusted 

according to the number of Dalitz pairs estimated in each topology. Odd 

prong events were moved to the next higher multiplicity on the assumption 

that a short track was not visible. Vees and y conversions near the vertex 

can be confused with charged tracks at the vertex; however, it was determined 

that this effect is negligible. Furthermore, no corrections were found / 

necessary for unseen secondary interactions which produce extra charged 

tracks near the event vertex. 

All of the above corrections having been incorporated, the topological 

cross sections listed in Table I were obtained. The errors reflect the 

statistical uncertainties in the numbers of events found as well as the 

uncertainties in the above corrections and in the low t elastic events. Also 

shown in.Table I are moments of the inelastic charged multiplicity distribu­

tion. Errors were computed using all correlation terms in the error matrix. 

In Fig. 2 the 48.9 GeV/c topological cross sections are plotted together 

with published data at different beam momenta [10]. The solid curves are 

to guide the eye. The zero-prong cross section above 14 GeV/c is seen to 

. \.­
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-(1.45 + .14)decrease steeply as ""'PIAB - • The 2- and 4- prong cross sections 

decrease monotonically with PUB over the whole range of the figure from 

2.5 GeV/c up to 100 GeV/c. Eight and higher prong cross sections rise 

monotonically, and are seen to continue to rise between 50 and 100 GeV/c. 

In particular, the 18- and 20-prong cross sections are rising very steeply 

at the highest measured energies. The six-prong cross section is seen to 

peak in the vicinity of 30 GeV/c, and the average charged multiplicity (n )
c 

passes through a value of 6.0 near 60 GeV/c. It will be interesting to see 

whether the eight-prong cross section behaves similarly by peaking somewhat 

before the value of PIAB for which (n = 8.0. The data for proton-protonc) 

collisions [llJ are certainly compatible with such a pattern. 

The average charged multiplicity (n ), the dispersion D, and the 
c 

ratio (n }/D are shown in Figs. 3 a, b, and c, and are compared with data 
c 

at a series of other momenta [12J. Our data fallon smooth curves through 

the previous data including the 32 GeV/c and 100 GeV/c points. In the 

highest measured momentum range, 50 GeV/c and above, the values of (n )
c 

for pp and for pp collisions may be slowly approaching each other, but 

higher energy pp data are required to determine if they converge. The 

values of D apparently converge before 200 GeV/c, which may be caused in 

part by the decrease with energy of the annihilation component of the pp 

multiplicity distribution. The ratios (n )/D appear to have converged
c 

already by 50 GeV/c, and there are indications that the value for pp 

interactions may begin to exceed the value for pp interactions. In the 

region, 3 ~ PUB ~ 50 GeV/c, this ratio for pp interactions is approximately 

constant (~ 2) although it is increasing slowly, whereas (n }/D for pp in-c 

teractions is decreasing rapidly with increasing beam momentum. 
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We have compared our data to the KNO scaling curve (not shown) 

fitted to pp data between 50 and 303 GeV/c [13]. Our pp distribution is 

slightly narrower than the KNO curve fit for the high energy pp data since 

the width D/(n ) is smaller for our data. 
c 

A study of the difference between pp and pp topological cross 

sections will be presented in the following paper. 
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Table I 

48.9 GeV/c pp elastic and topological cross sections) 
and inelastic charged multiplicity moments. 

N Events Corrected Cross section
charge found Numbera (mb) 

0 32 43 0.149 ± 0.039 

2 2569 [elaStiC 2255 7.81 ± 0.24 

inelastic 1643 5.69 ± 0.22 

4 2556 2985 10.34 ± 0.20 

6 2236 2675 9.27 ± 0.19 

8 1564 1852 6.42 ± 0.16 

10 693 821 2.85 ± 0.11 

12 258 287 0.994 ± 0.067 

14 62 83 0.288 ± 0.036 

16 15 12 0.042 ± 0.017 

18 2 2.5 0.009 ± 0.007 

~ 20 0 :;;; 2.7c :;;; 0.009c 

total 9987 12658 43.86 ± 0.25
b 

(n ) = 5.69 ± 0.03 
c 

2)D - «n - (n /)~ = 2.71 ± 0.02 c c 

(n )/D 2.10 ± 0.02 c 

Y - «n -(n »3
)/D

3 
= 0.59 ± 0.03 c c 

K - «n -(n » 4)/D
4 = 3.12 ± 0.09 

c c 
fCC - (n (n -1» - (n )

2 
= 1.67 ± 0.122 c c c 

aCorrections are explained in the text. 
bFrom Ref. [8J. 

cUpper limit at 90%. C.L. 
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Figure Captions 

Fig. 1. Elastic differential cross sections, dcr/dt. The optical point is 

calculated from the total cross section of Ref. [8]. The fit, which 

is described in the text, does not include our two data points 

nearest to t = O. 

Fig. 2. pp total (qT)' total inelastic (q. 1)' and topological crossl.ne 

sections (On) as a function of laboratory beam momentum [10]. We 

show the upper limit at 90% confidence level for ~ 20 prongs ca1cu­

1ated from 0 events found in our experiment. The curves are to guide 

the eye. 

Fig. 3. (a) Average charged multiplicity (n ), (b) dispersion D, and c 

(c) the ratio (n )/D as a function of laboratory beam momentum for 
c 

pp and pp inelastic interactions [12]. The curves are to guide the 

eye. 
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