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In this report I shall summarize conference con~ibutioDB reporting on the multiplicity 

parameters from high -energy pp collisions. I shall also report on some of the new results from 

the analysis of individual topologies and events from the Z05 GeVI c bubble -chamber data from 

NAL. 
1

Figure 1. shows the topological cross sections -5 for high -energy pp interactions. The main 

features to be noted are: 

1. The broadening of the multiplicity distributions as the energy increases. This is due to 

the fast increase of the high multiplicity cross sections and the slow decrease of the low multi­

plicity cross sections. 

2. The inelastic two-prong, four-prong, and six-prong cross sections are all falling at the 

highest energies. 

3. The eight-prong cross section seems to have reached its maximum at 1.00-200 Gev/c 

and ,is falling at 300 Gev/c. 
4. All the other topological cross sections are still increasing at 300 Gev/c. 

The low multiplicity cross sections! -5 are shown in more detail, as a function of,incident 

laboratory momentum, in Fig. Z. The slow energy dependence is perhaps indicative of a diffrac­

tive component. 

In Fig. 3, the topological crOss sections at 100 Gev/c, from the U. Michigan-Rochester 

cOllaboration,3 are shown as a function of the number of negative tracks. The solid curve is 
6from a Nova model calculation by Berger using the parameters found at Z8.5 Gev/c. Note, 

however, that two parameters have to be made energy dependent to fit the data at ZOO and 300 

Gev/c. The dashed curve is a calculation by Thom~7 
using a multiperipheral model with piS 

being produced according to a Poisson distribution modified by energy, charge, and isospin con­

servation. At low multiplicities, the production is assumed to have a large diffractive component. 

There is. however. fair agreement with both ~rves at the high multiplicities. 

Figure 4 shows the preliminary results of a difficult ISR experiment to measure charged 
8particle multiplicities. This is a Pisa -Stony Brook experiment at stationary -target laboratory 

equivalent momenta of 300, 500, and 1. 500 GeVI c. Their counters cover almost the entire solid 

angle. This figure shows their raw multiplicity data. A detailed correction for photon conversion, 

secondary interactioDB. finite counter resolution, etc., has not yet been carried out. As a rough 

*Operated by Universities Research Association Inc. under contract with the United States Atomic 
Energy Commission. 
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estimate of the average charge multiplicity they give: <n > =9.4~1.5, 10.4:1.5, and 13~2 at
ch

300, 500, and 1500 GeV/c respectively. The values they give for fzCh seem high, e. g. , at 300 

Gev/c they find f
ch 

= 16~3. while the value found 'in the 300 Gev/c bubble-chamber experimentS
2 

at NAL is f ch = 10.3 ::1:1.9.
2

In Fig. S are shown the average charged particle multipliCities per inelastic pp collision for 

bubble-chamber data~ -5. 9 Echo Lake data. 10 various estimates at ISH energies. 8, if -14 and a 

recent estimate from cosmic rays. 1 5 

Breidenbach et a1. 11 estimate the multiplicity from the charged particle angular distributions 

for 8 =30 0 -90 0 and from the smaller angle data of Ratner et 81. 16 and Bertin et al. 17 by 
cm -6.5p 

extrapolating with a form e T to obtain an inclusive rapidity distribution daI dy. The integration 

of this curve yields <nch> after corrections for KK and NN pairs and for 1.4 protons per inelastic 
12

collision. The estimates from photon prOduCtion , 14 are obtained by assuming that <nch> 

= <0 > + 1.4. An estimate at 1500 Gev/c by Damgaard and Hansen
13 

was obtained by constructing
y 

an empirical formula for the inclusive Lorentz invariant cross section. The integral over x and 

PT yields <ncb> after corrections for KK and NN pairs and 1.4 protons. Note that the error bars 

are only shown for the estimates of Breidenbach et a1. I but comparable errors are quoted for the 

other ISR estimates. 

The curves in this figure are a) a fit to sa. yielding a =0.28 when only bubble -chamber data 
18 f9 

are used (the dashed curve). and b) a fit to the form (solid curve): 

<nch> = a + 13 (1 - 0·~.~5) In P with a = t.7 and f3 = 1.45. 
P 

The form of this expression is based on parametrizing the growth of the invariant 1f production 

cross section dO'l dy (y = 0). essentially the height of the distribution, and the range of the rapidity 

(y). essentially the width. Similar forms have been obtained by Breidenbach et al. 11 and Ganguli 

and Malhotra. 14 

The shape of the multiplicity distribution at any energy may be described by the parameter 

F = <n_ (n_ - 1», where n_ is the number of negative particles produced in an interaction. 
- i-5

2­

Figure 6 shows F Z as a function of Plab for all bubble -chamber data. The curves show the 

dependences expected from a fragmentation and from a multiperipheral model. They are similar 

below 200 GeVI c but are tending to separate at high energies. 

An interesting contribution to this conference is sh~n in Fig. 7. WrOblewski
20 

has observed 
2

that all available data below 100 Gev/c lies on a straight line when one plots D =«n > - <n >2)tCh Ch
against <n h>' The line is a fit to D = a<n h> + b. yielding a =b =0.59. It may be seen that 

c c 3-5 
such a form accommodates the new 100, 200. and 300 Gev/c data extremely well. 

21 22
Finally I I shall present some of the results we have obtained from the analysiB - of 

individual topologies and events in an NAL bubble-chamber experiment at 205 Gev/c. Figure 8 

shows a comparison between the rapidity distributions at 28.5 GeV Ic23 
and 205 GeV Ic for the 

negative particles from four - and six -prong events. It has been assumed that all negative particles 

are 11' - ·s. The low energy data show no indication of a plateau in the central region. in contrast 

to the 205 GeV/c data which show a plateau but no evidence for any dip at y c. m. =O. This is 
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perhaps surprising because the high multiplicity events are expected to have a narrower plateau 

than the low multiplicity events. Consequently, it is unlikely that the total inclusive 11' distribution 

will show any sizeable plateau in the central region. 

Figure 9 shows the rapidity plot (in terms of y. = 1n tan BIZ) in the laboratory system for a 

random sample of about fifty 4-18 prong events; the tracks were spatially reconstructed by matching 

tracks in different views according to bubble patterns. We can conclude that the high multiplicity 

events do indeed have a narrower plateau region than the low multiplicity events. 
2� 2

Figure 10 shows a PT distribution for the same sample of 4 -18 prongs. The break at PT

=0.2 (Gev/c)2 is also observed in lower energy data. 

Figure 11 shows the In tan 81z plot for typical individual events at 205 Gev/c. No apparent 

clustering or lack of clustering is observed. Work is presently underway to parametrize the 

distributions within individual events in terms of the rapidity dispersion. 
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Fig. t. Topological cross sections for high -energy pp interactions as a function of incident 
laboratory momentum. 
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Fig. 2. Low multiplicity inelastic cross sections as a function of incident laboratory momentum. 
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Fig. 3. 100 GeV/c topological cross sections~  as a function of the number of negative tracks, compared to the predictions of two 
models. 
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Fig. 4. Preliminary data on charged-particle multiplicities at ISR from Ref. 8. 
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Fig. 5. Average charged-particle multiplicities per inelastic pp collision as a 
function of incident laboratory momentum. 
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Fig, 6. The F Z- parameter as a function of Plab" 
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Fig. 7. Plot of the dispersion D as a function of the average charged multiplicity. 
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8. The differential cross section 1f da/dyas a function of the laboratory rapidity y. The 
solid curves are 28.5 GeV/c data from Ref. 23. The dashed curve is the 28.5 GeV/c data 
scaled by the relative four-prong topolotical cross sections at 28.S and 205 GeV/c. 
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Fig. 9. a:-- dy' for a) 4-8 prong, b) 10-12 prong, c) 14-18 prong events. 
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Fig. to. Transverse momentum squared distribution for a sample of 4-18 prong events at 205 
Gev/c. The straight lines are to guide the eye. The steep lines have a slope of to(GeV/c) -2; 
the others have a slope of 4(GeV/c)-2. The dashed histogram. is for those charged particles 
produced in the backward center -of-mass hemisphere. 
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Fig. t t. In tan 912 distribution for individual tracks from a sample of events of various multi­
plicities at ZOS Gev/c. 
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