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ABSTRACT
We have studied the properties of the inclusive pp — pX reaction at
303 GeV/c. Protons of momentum 1.4 GeV/c or less are measured and
identified by their ionization. We investigate the multiplicity distribution
associated with those events having a small four -momentum transfer to the
target proton. Under the assumption that this selection enhances or isolates
the diffractive component of the interaction, we discuss the properties of the

diffractive and nondiffractive components.

An exposure of the NAL 30-in. hydrogen bubble chamber to a beam of
303 GeV/c protons has yielded 2245 events. Certain features of these events
have been described elsewhere, ~ IHere we shall describe an attempt to
isolate those events which are purely diffractive and study their properties.
We shall assume that all events of the type
pp ~ pX,
where the four-momentum transfer, t, from the target to the final-state

proton is small, are described by the diagram shown in the insert of Fig. 1

where the object exchanged i3 2 Pomeron.
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Qur starting point was a sample of 819 events with protons positively
identified by ionizaiion. The details of the procedure are described in Ref. 3.
We now select those events with small |t| and plot the missing mass squared,
MXZ, recoiling from this proton. Figure 1 shows sz distributions as a
function of the number of charged particles in the event, n_, for three dif-
ferent |t! cuts, 0.125, 0.25, and 0.50 Gev’. Note that although the It] cuts
change by factors of two the general features of this mass spectrum are
independent of the Itl cut and only a few more events are added if the ’t' cut
is increased from 0.25 to 0.50 GeVZ.

Since the topological c¢ross sections; crnc, do not change substantially
when the cut in |t] is increased from 0.25 to 0.50 GeVz, we will identify that
part of on_ with [t| £ 0.25 as that part of the diffractive component (crgc)
coming from target excitation. Table I summarizes the decomposition of the
topological cross sections. The first column shows the total topological cross
secticm,1 gn » the second column the diffractive component including the

o]

d
elastic cross section, Oy and the last column the nondiffractive component,
c

nd

n represents events which are nondiffractive from both the

nd
Here On

cC c

o
target and projectile proton, and we assume that except for the elastic eventis
there is no overlap from double diffraction. Reference 5 describes the
separation of the elastic from the inelastic {two-prong events for which we have
used the ISR results for the elastic cross section and slope parameters. 6,7
For those cases where no events areseen, the quoted error shows the con-
tribution to the cross sectionofone event. We have investigated the effect of

making our cuts on t'insteadof t where t' is definedas t minus the smallest al~

lowedt for that event. This will make some changes in the cross sections for8-14
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pronged events but will not affect in a major way the shape of the distributions
in Fig. 1,

A number of attempts have been made to describe the multiplicity
behavier of the diffractive component. Hwa8 proposed that ogc ~ nc_z if
<r1c> ~1lns where s is the square of the total center -of-mass energy. Thus,
if this hypothesis were correct we would expect a plot of nczcrﬁC vs n, to yield
a horizontal straight line for the diffractive events. Figure 2 is such a plot
using the diffractive data of Table I. The data of Fig. 2 do not support the

d -2
o, -, hypothesis. One notes that there are not enough low multiplicity

n

events, in particular two prongs, and not enough high multiplicity events.
Changes in the t-cut effect mostly the events of the middle topologies

(8 = n £ 12) and have little effect on the two lowest multiplicity points or the
high multiplicity points. If one were to make a similar plot with the events
selected on the basis of |t'] < 0.25 GeV” the peak in the middle topologies
would increase even more, It is difficult to see how a suitable choice of a t
cut (or t') could bring our data into agreement with a crf1 ~ nc_ hypothesis.

It has been pointed out that the multiplicity distribution in the number of
produced negative particles, n , does not follow a Poisson distribution in our
reactioni as predicted by a simple multiperipheral model. It is now of interest
to look at this distribution inn of the nondiffractive events, O_nnd. P:igure 3

c
is a plot of cg: as a function of n,. The curve represents a fit to a Poisson
distribution in the number of negativé particles and is siatistically acceptable.

For the nondiffractive and diffractive components the average charge mul-

nd : d
tiplicities are given by <nc > =9,8+0.4, <nC > = 4.140.2 with elastic events

included and <ncd> = 5.9+0,5 without elastic events.



We thus observe that this separation of difiractive componeni {rom ihe
nondiffractive component on the basis ol t leads to a nondiffractive muit: -
plicity distribution which is consistent with a Poisson distribution and that the
nondiffractive component has a considerably higher average muliiplicity than
the diffractive component.

We can also compute the ratio of the diffractive component, excluding
the elastic events to the total inelastic cross section. This ratio is 0.26+0,03
and is in rough agreement with most two-component models. 743

Quigg and Jacksong have attempted to describe the pp multiplicity
spectrum over a wide range of energies with a sum of a Poisson distribution
for the rmultiperipheral component and a nc_2 distribution for the diffractive
component. If our kinematic separation of the diffractive component ig valid
our data would argue against the specific model of Quigg and Jackson,

Lach and 1\/[::11::;11rr1ud10 attempt to fit the pp multiplicity spectrum as a
function of energy to a sum of two Poisson distributions describing the dif-
fractive and multiperipheral components. Their model is intended to describe
only the inelastic diffractive component and although our diffractive data has
the rough shape of a Poisson distribution it does not give a statistically
acceptable fit to this form. It would thus appear that although the nondif-
fractive component is well described by a Poisson distribution as pre.dicted by
a number of two-component models, no adequate description is available for
our diffractive multiplicity distributic.)n.
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Table 1. Topological Cross Secctions.

on (b) o0 M iy
Prongs o (a) r ¢ > fe 2
e e [ti < 0.25 GeV 1> 0.25 Gen
2 8.98+0.39 mb 7.6820.46 mb 1.30£0.93 mb
elastic 6.8+0.2
inelastic (0.440.41 2
4 4.8420.30 (1.64£0.18)2 1.56+0.46
6 5.7120,34 (0.920.13)2 3.8740.42
8 5.4040.33 (0.6220.11)2 4.160.39
10 4.7220.32 (0.32£0.08)2 4.0840.32
12 4.1920.30 (0.4420.05)2 3.9120.30
14 2.17:0.21 (0.040.03)2 2.090.21
16 1.3940.17 (0.04%0.03)2 1.3140.17
18 0.870.14 (0.0240.02)2 0.83+0.14
20 0.510.11 (0.0 J:g.oz)z | 0.51£0.11
22 0.070.06 (0.0 4:8'02)2 0.07+0.06
24 0.1040.05 (0.0 0% 0.1040.05
26 0.05£0.03 (0.0 0% 0.05%0.03
Totals 39.041.0 15.240.7 23.841.2

aLFrc»m Ref. 1.

- 2
bThese cross sections in parentheses represent events with [t! < 0,25 GeV
to the target proton and factors of two to account for the symmetry of the

pPp system are explicitly shown,

. 2
“These cross sections represent inelastic events with ]t’ > 0.25 GeV from
both target and projectile and assumes that except for elastic events double
diffraction is small.
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FIGURE CAPTIONS
Fig. 1. Missing mass squared distributions for 303 GeV/c pp collisions for
different multiplicities and t -cuts.
Fig. 2. nczcrnc ve where n, = the number of charged tracks in the collision
and ¢, is the diffractive part of the cross section including elastics as

c
defined in the text.

Fig. 3. Poisson fit to the multiplicity distribution for nondiffractive events,
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