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ABSTRACT

Preliminary results are presented on the topological
cross sections produced in antiproton-proton {interactions
from an exposure of the Fermilab 30-inch bubble chamber to
a 100 GeV/c enriched p beam. The Pp inelastic cross section
1s determined to be oyye1 = 34.65 + 0.23 mb, and the average
1nelastic charged parl?cle multiplicity 1s <nc> = 6.74 & 0.11,

In this paper we present some preliminary results of
an investigation of antiproton-proton interactions at 100
GeV/c. From a 98,000 picture exposure of the Fermilab 30-
inch hydrogen bubble chamber-wide gap spark chamber hybrid
system to an enriched p beam, we have measured the elastic
and the inelastic topological cross sections in 100 GeV/c
Pp interactions. These data comprise the first detailed
study of the pp collisfon process at an incident beam momen-
tum above 32 GeV/c. '

The enriched beam used 1n this experiment was ob-
tained from 300 GeV/c primary protons incident on a target
1000 m upstream of the Fermilab 30-inch bubble chamber.
Since a negatively charged 100 GeV/c secondary particle b?am
contains only -0.02 p/n, we used the following technique
to achieve a higher p/»- ratio: downstream of the target a
bending magnet swept out a majority of the secondary charged
particles. Following a decay region we then select a



100 GeV/c negative beam. W{ith appropriate tuning of the
production angle to preferentially select p's produced

by A° decay over x~'s from K° decay we obtained a beam with
0.20 p's/negative particle. With the further requirement
of either (a) more than 1 p/puilse or (b) a deflection trig-
ger on a tagged p beam particle before exposing the bubble
chamber, we obtained 98,000 pictures containing an average
of 0.32 p's/negative particle,

The results presented here come from a sample of
~30,000 pictures which were scanned for all interactions.
After an event is found in the bubble chamber, a three-view
measurement of the interacting beam track permitted a com-
parison between the spatial position of that track and the
position reconstructed from upstream multiwire proportional
chambers? (MWPC) in time coincidence with a 35 m long dif-
ferential gas Cerenkov counter located 500 m upstream from
the bubble chamber. This correlation between a reconstruc-
ted bubble chamber track and a Cerenkov tagged trajectory
in the MWPC was possible for ~85% of the Events. The re-
maining 15% represent only a loss of data¢ and do not bias
the data in any way. For the remainder of this paper we
use only those events which have a positive p ident{fication.
By measuring the counting rates in the two segments of the
Cerenkov counter as a function of the helium gas pressure,
we estimate that when the pressure was set so that the p's
were below threshold (for ~2/3 of the run), the background
in the p signal due to inefficiencies in the system are
below 2% and have been ignored. About 1/3 of the data were
taken with a positive p signal and the inefficiency in this
mode is below 1%. The data taken in the two modes are in
excellent agreement and have been combined.

A small number of frames (-10%) have been rescanned
in order to determine the scanning efficiency for various
topologies. The resulting efficiencies range from about
92% for 2 prongs to about 99% for 8 prongs and up. All
events ($0.5%) with an apparent odd number of charged par-
ticles have been classified as belonging to the next highest
even charged particle topology. Corrections have been made
for unobserved ,° Dalitz decays. No correction has been
deemed necessary for charged secondary interactions which
might occur close to the primary vertex since those tend to
populate the odd topologies.



The major correction applied to the raw data occurs
for the two prong topology. Al1 two prong events have been
measured and a kinematic fit to the pp elastic scattering
hypothesis has been attempted. Following a preliminary
study of the elastic fits, we have corrected the elastic t
distribution (t is the square of the four-momentum transfer
from target to outgoing proton) by fitting the data (see
Fig. 1a) to an exponential form 4o = Aebt, We find slope

parameters of b = 10.8 + 0.6 (5.2 + 0.4) (GeV/c)"2 for
100 GeV/c pp elastic (inelastic) scattering. We note that
no small t correction to the inelastic two prong cross sec-
tion 1s necessary (Fig. 1b). We note that the slope of
the elastic t distribution 1s consistent with an extrapola-
tion from lower energies (Fig. 2), and 1s 1in ?ood agreement
?At2 tg§ result from a counter experiment at 100 GeV/c

ef. 3).

In Table I we present our measured topological cross
sections for 100 GeV/c pp interactions. These cross sec-
tions have been normalized to the counter data on total
cross sections.? For comparison, we also give in Table I
the 102 GeVéc pp cross sections determined in a previous
experiment.? Qur pp elastic cross section of og1 = 7.39 2
0.31 wb would appear to be in good agreement wiia an extra-
polation from lower energies (see Fig. 3).

In Figure 4 we show the variation of the pp t0ﬁolo-
gical cross sections with increasing beam momentum, The
general features of this plot are similar to those ob-
served, for example, in n”p collisfons. 1In particular, we
observe that the O-prong cross section is falling rap1dl§
and may be parametrized as o,(mb) = 62.7 P]ab(GeV/c)‘ .

between Py, = 15 and 100 GeV/c. The 2, 4, and 6-prong

b ;
cross sect?ons are falling at 100 GeV/c while the cross sec-
tions for producing 8 or more charged particles are still
increasing at 100 GeV/c.

From the 1nelastic cross sections given in Table I,
we compute various moments of the pp multiplicity distribu-
tion (see Table I1). We determine an average charged par-
ticle multiplicity of <n.> = 6.74 + 0.11. 1In Figure 5 we
show <n.> as a function of the center of mass energy, ¢S,
for pp ?nteractions. It is interesting to compare the Pp
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Fig. 1. t distributions for 100 GeV/c pp interactions:
(a) elastic scattering, and (b) 2 prong inelastic
scattering.
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Fig. 2. Slope of the pp elastic scattering t distribution
as a function of the incident p momentum.
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Fig. 4. Topological cross sections in pp interactions as
a function of the incident p momentum.
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data with the corresponding data obtained from pp interac-
tions. The pp data are shown as the solid curve 1in Fi?ure
5 and show that at any energy the pp charged multiplicity
1s less than the pp multipTicity.

In Figure 6 we show ths ratio of the average muiti-
plicity to dispersion, D = [<nés - <n_»2]1/2, for the pp

and ﬁp charge multiplicity distributibn.” As 1s well-known,
the high energy pp data seem to approach a constant value of
<ne>/D = 2. We observe that the 100 GeV/c pp value 1s also
consistent with this value and that for the pp interaction
the ratio of <ng>/D appears to be independent of beam momen-
tum in the range -7 to 100 GeV/c.

We now make a more detailed comparison between thg
100 GeV/c Pp and pp data. First we note that the pp data
have an average multiplicity <n.> = 6.32 + 0.07. To inves-
tigate this difference in more ﬁetail, we show in Figure 7
the {nelastic multiplicity distribution for Pp and pp at

100 GeV/c. The dominant feature 1s that the probability of
producing a high multiplicity event (n. 2 10) is greater in
a pp collision than in a pp interaction. 1t would appear
natural to expect that the dominant cause of this difference
1es in the effects of the annihilation channels available
to the pp interaction.

To further study the difference between a given to-
pological cross section in Ep and pp interactions we com-
pare our data with one of the few theoretical predictions
for this difference. Eylon and Harari,b with a simple
ggal1ty—diagram model and unitary considerations, predict

a

_ In(pp) - On(pp) . JZop-2om (1
n on(pp)

where s 1s the square of the total cm energy, a ga ) 1s the
intercept of the leading exchanged meson (baryom- %rajec-
tory, ny 1s some constant (ny = 1), and 8(>1) and Y(<1)_are
cons anls which, in the s1mp1e model considered,b are

and » respectively. Equation (1) then predicts that:
(a) for any energy

R ‘ﬂ])Yn’ “)

R > Bn . constant (2)
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(b) for fixed n

Ry ¢ 3 - 1" const, {3)

and (c) that the transition topology, n., for which g.(pp) =
un(pp) s given by n; = A fog s + B, wi{h A= 2(um-uB?/1og 3
and B = Tog (1-ny)/10g 3.

To test these predictions, ws can compare Fig. 4
with similar data from pp collisions’/ and note that

Ny = 2(4) near s = 40(190) GeV<. This implies that

(ag-og) = 0.7 and ny ~ 0.94 1n reasonable agreement with the
expected values. To test Eq. (3), we show in Fig. 8 R, as

a function of P] for different topologies. While R

varies rapidly wqgh Piay 1t 1s not clear whether Ry w911
change sign eventually Eor all n. Thus 1t would appear that
100 GeV/c 1s still too low an enhergy to test Eq. (3).

Equation (2) {s examined in Fig. 9 in which we have
used g = 1,25 rather than the 3/2 suggested by Eylon and
Harari. We observe that such a value does indeed give
B-"R, a constant value at 100 GeV/c but we note that 1t 1is
stil? a poor approximation at 32 GeV/c. In conclusion 1t
would seem that 1f Eq. (1) is correct then 100 GeV/c is too
low an energy to make the approximations (2) and (3).

We thank the staff of the FNAL Neutrino Laboratory,
M. Johnson and S. Pruss 1n particular, for helping to ob-
tain the enriched beam used in this experiment. We acknow-
ledge the conscientious work performed by our scanning and
measuring personnel.
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Table 1

Topological Cross Sections for 100 GeV/c pp Interactions |
’ Cambridge-Fermilab-MSU

(Preliminary Results)

Prong Number

Corrected Cross-section 102 GeV/c ppb

Number observed number {mb)
0 6 . ) 0.053 + ,022
2 el, 498 829 7.39 + .31 7.0 + .4
inel, 431 443 3.95 + .36 4.5 + .4
4 856 869 7.75 + .24 7.9 + .3
6 905 906 8.08 + .24 7.5+ .3
8 796 790 7.06 + .23 5.8 + .2
10 468 461 4,11 + .18 3.7 + .2
12 242 235 2.10 + .13 1.6 ¢+ .1
14 113 109 0.972 + .090 0.62+ .07
16 51 49 0.437 + .061 0.21: .04
18 14 13 0.115 + .031 0.05+ .02
20 4 4 0.036 + .018 0.016+.011
Total
inelastic 3885 34,65 + .23 31,9 ¢ 0.7
Total 4384 4714 42,06 + .09% 38,9+ .8

8Reference 4.
bReference 5.
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Table I1

Moments of Charged Multiplicity Distribution
from 100 GeV/c pp Interactions
Cambridge-Fermilab-MSU

(Preliminary Results)

Value 102 Gev/c pp(2)
<ng> 6.74 + 0.1 6.32 + 0.07
D 3,30 + 0.06 3.13 + 0.04
<ne>/D 2,04 + 0.06 2.02 + 0,03
fgc 4.1 + 0.4 3.45 + 0.25
f5" -0.65 + 0.13 0.28 + 0.07
(a)

Reference 5.



