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Multiplicities in 1QO-GeV/c m'p and pp Interactions Using a Tagged Beams
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v+p and pp interactions at 100 Ge V/ care studied in the National Accelerator Laboratory
30-in. bubble chamber with a tagged beam. Charged multiplicities in ~ P and PP interac-
tions are compared. The average inelastic multiplicity of ~+P interactions is higher than
for pp interactions (6.80+0.14 versus 6.49 +0.10). However, negative particle multiplici-
ties for events with more than six charged particles follow Poisson statistics with simi-
lar means, 2.56 +0.09 and 2.61+0.08, for 7t+P and PP interactions.

In this paper, we present results on charged-
particle multiplicities from the analysis of ap-
proximately half of a 58000-picture exposure of
the National Accelerator Laboratory 30-in. hy-
drogen bubble chamber to a beam of (100.4 +0.3)-
GVe/c tagged positive particles. The secondary
beam' was produced at 0' by an extracted 300-
GeV proton beam and consisted of approximately
51'%%uo P, 44%%uc n+, 4% p', +, and 1% K+ (in the bubble
chamber). This beam provided us a unique op-
portunity to compare n'p and pp interactions un-
der the same experimental conditions.

Although plastic scintillator hodoscopes have
been devised for tagging such beams, multiwire
proportional chambers (MWPC) were used in
this experiment. The beam particle tagging sys-
tem consisted of a 35-m-long differential Cheren-
kov counter located 500 m upstream from the
bubble chamber and three sets of MWPC located
175, 15, and 2.5 m upstream from the chamber.
Each MWPC set consisted of three sensitive
planes with 2-mm wire spacing. Wires on suc-
cessive pla~es were rotated 120' about the beam
axis with respect to the previous plane. The
sensitive area of the set was a hexagon, 10 cm
across. The Cherenkov counter determined the
identity (P, v or p, or K) and the MVPC system
the trajectory of each beam particle. This infor-
mation was then correlated with the observed
track positions in the bubble chamber photo-
graphs to identify the tracks.

We verified that the tagging system operated
satisfactorily. There are two aspects to this
verification: the Cherenkov counter and the cor-
relation of tracks between the MWPC and the bub-
ble chamber. Based on counting rates in the two
photomultiplier tubes of the Cherenkov counter,
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FIG. 1. Difference (in centimeters) between the coor-
dinate of a beam track in the direction perpendicular to
both the beam direction and the camera lens axis and
the same quantity for a track extrapolated from the
MWPC. (a) The distance to the closest track, (b) the
distance to the second-closest track. A total of 1500
beam tracks are involved.

taken at various helium gas pressures, we esti-
mate that 1% or less of the n' signals were
caused by 6 rays from beam protons. No correc-
tion has been made for this effect. The trajec-
tory of a beam track can be reconstructed from
the MWPC data 89%%uo of the time. The 11% loss,
due to upstream scattering, dead-time losses,
spurious MWPC tracks, and MWPC failures,
only causes loss of data, not biases. A sample
of 1500 events was measured on the "spiral read-
er" at Lawrence Berkeley Laboratory and recon-
structed using the program TVGP. Figure 1(a)
shows the difference at the beginning of the cham-
ber between the coordinate (y) of the beam track
in a plane perpendicular to the camera axis and
the same quantity extrapolated from the tagging
system. The full width at half-maximum is 1
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mm. We find 84% of the beam tracks measured
in the bubble chamber to have a MWPC recon-
structed track lying within +1 mm in y. However,
Fig. 1(b) shows that 12%%uo of the bubble chamber
tracks will have two MWPC tracks lying within
+1 mm, of which half are resolved in the direc-
tion parallel to the camera axis. Only half of
these ambiguous taggings are of different identi-
ties, leaving 3%% ambiguous. Beam contamination
due to the MWPC will occur when;, .the real track
fails to be tagged by the IVIWPC (16% of the time)
and a track with a wrong identity satisfies the
tagging criteria (3% of the time). Therefore, the
misidentification of the beam due to the tagger
alone would be about 0. 5%%uo. This 0.5% is elimi-
nated by scanners noting two nearby tracks on
the film when the tagger reports only one. De-
manding that we tag a beam track unambiguously
within +1 mm in y, we can use 81% of the beam
tracks.

The film was scanned at a magnification of 34

life size. The fiducial volume was 47.4 cm along
the beam and limited in the y direction by the 10-
cm MWPC acceptance. The scanner counted the
number of outgoing charged prongs (deleting ob-
vious electrons and positrons) and recorded as-
sociated neutral decays. The scanner also deter-
mined the incident particle identity by measuring
the distance between a fiducial mark and the
beam track and comparing this to the MWPC pre-
diction.

We observe a quite small number of odd-prong
events (0.8%%up). They are events with proton re-
coils too short to see and/or one prong interact-
ing very close to the primary vertex. We feel
that secondary interactions almost never cause

TABLE I. Topological cross sections of inelastic
scattering s.
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miscounting when they occur in low-multiplicity
events. Therefore, low-multiplicity odd prongs
are increased in prong number by one because
of invisible proton recoils. The higher-prong
events are more susceptible to error from sec-
ondary interactions, and their prong numbers
should be decreased. We have arbitrarily cho-
sen seven prongs as the dividing point. All odd-
prong events with prong number seven and larg-
er have been assigned a prong count three less
than that observed. ' The scanning efficiency for
four-prong and higher multiplicities was 98%%uo,

and for two prongs was 93%.' These corrections
have been made.

The inelastic two-prong cross sections were
estimated by using the optical point and fitting
the observed recoil-proton t distributions of a
sample of measured events to a function with two
terms, one for the elastic and another for the in-
elastic events. Details will be presented in a
later paper.

The topological cross sections for 100-GeV/c
m+P and PP interactions from this experiment are
shown in Table I. These are based on a liquid-hy-
drogen density of 0.0630+0.0006 gm/cm as mea-
sured in these photos, and are corrected for mu
on contamination [(7.6+1.7)%]' in the m+P events
Also shown a,re existing PP data a,t 102 GeV/c.
The data from the two experiments agree within
the accuracy of the measurements.

In Fig. 2 we show the variations of multiplicity
of v+P intera, ctions as functions of momentum. ' "
We see that four-prong cross sections continue
to decrease, the six-prong have peaked out, and
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FIG. 2. Topological cross sections of 7t+p interac-
tions as a function of incident momentum. Where er-
ror bars are not shown, they are smaller than the sym-
bols. The lines are merely to guide the eye.
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where n is the number of v 's, ln(n!o„) will be
linear in n with a slope of ln(n). Figure 3 is such
a plot and shows that ln(n!o„) is indeed linear for
e larger than 2, with an excess at small n. The
confidence levels for straight-line fits to n great-
er than 2 are 96% for m'p and 61% for pp. A sig-
nificant excess is observed in the low multiplici-
ties for pp interactions. This observation agrees
well with the two-component models, ""with the

10

10
8

b 10

10

1 00
0 5

N

FIG. 3. The quantity &to„versus &. & is the number
of r secondaries. The straight lines are the fits to
points with &2.
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all the higher-prong are rising at 100 GeV/c. It
is interesting that the two-prong cross section
seems to have almost stopped decreasing. This
may imply a dominance of diffraction in the two-
prong events.

The average multiplicity in the inelastic v P in-
teraction is 6.80 +0.14, significantly higher than
6.49 ~0.10 in the pp interaction. This difference
is also observed in the comparison of np"'and
pp" interactions at 200 GeV/c, where average
multiplicities are 8.02 + 0.12 and 7.65*0.17, re-
spectively.

The squares of the standard deviation for the
distributions of the 7I produced in the m'p and pp
interactions from the table are 2.72 +0.10 and
2.69+0.07, higher than the mean numbers of m"'s

(2.40 +0.07 and 2.25*0.05). Thus the distribu-
tions are wider than the Poisson form which is
predicted by many short-range-correlation mod-
els." However, the discrepancies occur only at
low multiplicities, as can be illustrated in the
following way. " With a Poisson distribution,

higher component obeying a Poisson distribution
and a second component dominating at lower mul-
tiplicities. The excess in the m'P interactions is
observed only in the case where no m is pro-
duced; so if two components exist, their distribu-
tions must be similar or the second one is small.

lt is worth noting that the two straight lines in
Fig. 3 are nearly parallel. The higher compo-
nents (n greater than 3) of m'p and pp interac-
tions have similar m multiplicities of 2.56 +0.09
and 2.61*0.08, respectively. We used this tech-
nique to compare a p and pp interactions at 200
GeV/c, ""and also obtained simila, r m multi-
plicities of 3.38 ~0.10 and 3.43 ~0.10, respective-
ly, for the higher components.

We remind the reader that the analysis report-
ed here is based on the efforts of a large number
of individuals at the National Accelerator Labora-
tory, at the universities of the Proportional Hodo-
scope System Consortium, at the University of
California, at Davis, at the Lawrence Berkeley
Laboratory, and within the U. S. Atomic Energy
Commission agencies. The authors are pleased
to acknowledge this joint effort.
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We study the diffractive component in PP collisions at 102 and 405 GeV and examine its
energy dependence in M' and x variables. The total cross section for lxl &0.9 remains
approximately constant: 6.6 +0.5 and 6.8 +0.7 mb at the two energies. However, both
do/dx and do./dM show strong energy dependence within the lxl &0.9 region. The energy
and M' dependences of do/dM2 do not have the characteristics of a triple-Pomeron term
for 0.90 & lxl & 0.99

Recent studies of the recoil-proton spectrum
observed in pp collisions at high energies have
provided evidence for the presence of a sizable
inelastic diffractive component in the data. ' Fur-
thermore, the universal aspect of diffractive pro-
duction in hadronic collisions has been revealed
through investigations utilizing &p incident chan-
nels. ' In this paper we discuss our complete re-
sults at 102 GeV pertaining to diffractive produc-
tion in the reaction

p +p —p + anything.

We also present our preliminary findings for
this inclusive process at 405 GeV.

Our data are from the 30-in. hydrogen bubble
chamber at the National Accelerator Laboratory
(NAL): a 30000-picture exposure at 102 GeV/c
and an initial 12 000-picture exposure at 405 GeV/
c, yielding 124 and 65 events/mb, respectively.
The film was scanned three times for events
having a possible proton with bubble density
greater than 1.5 times the minimum. All such
candidate tracks were measured, reconstructed,
and subsequently reexamined to identify protons

through their pr edicted ionization. This identi-
fication is reliable up to a lab momentum of about
1.3 GeV/c, consequently a final cut at 1.2 GeV/c
was imposed on the data. Because of the sharp
transverse-momentum (Pr) dependence of Reac-
tion (1), this cut does not cause any significant
bias in the data we present for values of x & —0.5.
(x is defined as P~~/P;„~d, „, in the c.m. system. )

Two-prong inelastic events were separated
from elastic events by a kinematic fitting pro-
cedure. ' Elastic background was further reduced
by requiring the square of the missing mass (M)
recoiling from the proton in Reaction (1) to be
greater than 1 and —1 GeV' at 102 and 405 GeV,
respectively. (The average resolution in M' is
+0.7 and +2.8 GeV', corresponding to 5x =+0.0035
at the two beam energies. ) Small corrections
were applied to the two-prong events to account
for the resulting losses. Scanning-loss correc-
tions, based on the loss found for elastic events,
were also applied to the two-prong data for short
protons with l t ~&0.04 GeV'. Small corrections
were also applied for a few ~ 4-prong events
which had protons too short to see and/or mea-


