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Multiplicity, rapidity, and rapidity correlations in 800-Gev proton-nucleus interactions
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In interactions of 800-CseV protons with emulsion nuclei, the multiplicity and rapidity distribu-
tions of charged secondary particles are studied. The existence of strong short-range correlations
among the secondary particles is found. Evidence of independent emission of low-multiplicity clus-
ters is presented.

One of the most attractive features to study at high en-
ergies is the mechanism of multiparticle production. Al-
though several models have been proposed to explain this
phenomenon, one of the most widely accepted is the clus-
ter model. ' The reason for its general acceptance has been
the observation of correlations among the secondary parti-
cles in hadron-hadron and hadron-nucleus interactions at
high energies. Several features of this subject, ' such as
the determination of cluster size, the strength of correla-
tion, dependence of cluster size upon other parameters
such as inelasticity, multiplicity, etc. , have been investi-
gated. It would be interesting to investigate the
phenomenon of cluster production at the highest available
machine energy, which is double the energy that was
available earlier for fixed-target experiments.

We present below the first experimental results on 800-
GeV proton-nucleus interactions. The existence of strong
short-range correlations among the secondary particles
has been observed. The data suggest production of two-
particle clusters which seems to be the predominant mode
of multiparticle production in the interactions.

A stack consisting of 40 G5 emulsion pellicles of di-
mensions 10)&8&0.06 cm was exposed to a proton beam
of energy 800 GeV at Fermilab. The beam flux was
8.7)& 10 particles/cm and the distribution of the pri-
mary energy was &0.05%%uo. The emulsion plates were
carefully area scanned for inelastic events. All of the in-
teractions were scanned twice by each observer and the
average scanning efficiency was found to be —96%.
Scanning was done at a distance of 1 cm from the leading
edge of the emulsion. In order to select the events due to
the primary protons, the following criteria were followed.
(a) The primary of each interaction was followed up to the
entry point in emulsion and there should be no interaction
due to a secondary track. (b) The primary particle should
make an angle & 2 with the mean beam direction.
Events lying up to 25 pm from the surface or glass side of
the emulsion pellicle were not considered. Taking the
above criteria into account, a total of 1005 events were ob-
tained. Following the usual emulsion terminology, the
secondary particles having P(v/c) &0.7 and P&0.7 were
designated as shower and heavy tracks, respectively. The
total number of shower tracks obtained here is —17000.
The multiplicity of shower and heavy tracks is designated
by n, and n~, respectively. The value of n~ has been used
to designate the type of target nucleus in emulsion.
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FICx. 1. Multiplicity distributions of shower particles at 800
CxeV (solid line) and at 400 GeV (dotted line).

Events with nI, ——0, 1 mostly belong to H target nuclei or
effectively with a single target nucleon, while events with
2(nh & 5 belong to the light (CNO) nuclei category and
those with nI, )9 belong unambiguously to the heavy
(AgBr) group of nuclei. Events with nh =6—8 were dis-
carded as they are ambiguous; they can belong to the light
or heavy group of nuclei. The number of events which
belong to nI, ——0, 1, nI,

——2—5, and nh)9 are found to be
134, 213, and 494, respectively. The angles of the shower
particles were determined accurately by the coordinate
method yielding an uncertainty in the value of the space
angle (0) to be = 8 X 10 rad.

The values of x, y, and z at the vertex and at two points
on the beam and on each shower track were determined.
The values of pseudorapidity (ri) of all the secondary
shower particles were determined from the relation
g= —lntan6I/2 which is a good approximation to the ra-
pidity, y = ——, ln(E+PL/E PL ) at ver—y high energies.
The pseudorapidity is hereafter called rapidity. The reac-
tions considered here are the semi-inclusive processes as
the characteristics of only the charged secondary particles
were studied.

Figure 1 shows the multiplicity distribution of shower
tracks in the present interactions and at 400 CJeV (Ref. 5)
for the same number of events. It is seen that the multi-
plicity distribution at 800 GeV is shifted towards higher
values compared to that at 400 GeV. There is also a
lower production of low-n, events in the former interac-
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tions as compared to the latter interactions. This is ex-
pected since the shower-particle multiplicity shows a loga-
rithmic dependence upon the primary energy. The, mean
values of n, for emulsion target at 800 and 400 GeV (Ref.
5) are 17.84+0.56 and 16.42+0. 17, respectively. The
mean values of nh at 800 and 400 GeV (Ref. 5) are
9.48+0.29 and 7.65+0. 14 respectively. The mean values
of n, for different target nuclei, viz. , nucleon, light
(CNO), and heavy (AgBr) group are 13.81+1.14,
14.81+0.97, and 20.89+0.89, respectively. The value of
mean normalized multiplicity R, which is the ratio of
multiplicity in hadron-nucleus to hadron-nucleon interac-
tions is found to be 1.74+0. 13 for all the emulsion nuclei.
The value of mean multiplicity for hadron-nucleon col-
lisions ( ( n, h ) I,& ) is determined from the following rela-
tion given by Slansky

& n,„)„„=(—3.8+0.4)

+(1.88+0.07) lnS+[(6.4+0.7)/~S] .

This relation reproduces the observed value of ( n,„) in

p-p collisions at 405 GeV (Ref. 6). The above value of R
is found to be in agreement with the values reported ear-
lier from 200 to 8000 CzeV and R remains constant in

2400- (g )

2100-

l 800-

this energy range. The low value of R signifies nuclear
transparency at very high energies. The value of R for
the CNO and AgBr group of nuclei is found to be
1.45+0. 14 and 2.04+0. 17, respectively. The value of R
for the light group of nuclei shows that the proton in-
teractions with such nuclei behave like proton-nucleon in-
teractions. This is in strong agreement with the earlier re-
sults obtained from rapidity-difference distribution in
nucleon-light nuclei interactions at cosmic-ray energies
(TeV region). The larger value of R for the AgBr group
of nuclei shows that there is some contribution to the
multiplicity from more than one nucleon during the col-
lision process. However, the low value of R even for the
heavy group of target nuclei precludes the formation of an
intranuclear cascade in the present interactions.

Figure 2(a) shows the rapidity distribution of the secon-
dary particles. The distribution does not show any
double-hump structure for which weak evidence has been
reported at 400 GeV (Ref. 5). Boos et al. have suggested
that the double-hump structure strongly supports the
models of repeated intranuclear collisions. The clear ab-
sence of such a structure in the present work disfavors the
intranuclear cascade model.

DeTar has suggested that the single-particle rapidity
distribution will have a limiting form and the distribution
will exhibit a plateau in the central region at high ener-
gies. The rapidity distributions shown in Fig. 2(b) for dif-
ferent values of nI, which correspond to interactions with
the nucleon, CNO, and AgBr group of nuclei exhibit a
limiting behavior in the projectile fragmentation region.
The projectile fragmentation region is independent of the
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FIG. 2. (a) Rapidity distribution (g) of secondary particles at
800 CseV. (b) Rapidity distributions of secondary particles for
different groups of target nuclei.
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FIG. 3. The rapidity-difference (r) distribution for adjacent
charged secondary particles. The theoretical curve is given by
Eq. (2) in the text.
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TABLE I. Values of the parameters 3, B, C, and D for nucleon, CNO, and AgBr targets.

Target
type

Nucleon
CNO
AgBr

1.14+2.62
1.41+2.18
1.46+ 2. 19

6.57+4.75
8.59+6.48
8.90+6.65

0.10+0.45
0.12+0.74
0.19+0.67

2.45+ 1.62
2.35+1 ~ 75
3.48+2. 18

target mass. The width of the central region is nearly the
same for the three target nuclei. The multiperipheral
model predicts that the central region is generated by
particles that decouple from distant parts of the mul-
tiperipheral chain, hence the spectrum in the central re-
gion must be independent of both beam and target. Our
results on g distribution [Fig. 2(b)] are in agreement with
the above description regarding independence of central
region with respect to the target.

Using the two-channel Chew-Pignotti' model, Snider"
has described the two-particle correlations in terms of the
rapidity-difference distributions for the nondiffractive
component of the hadronic cross section at high energies.
A two-particle correlation implies that a distribution of
rapidity difference between two adjacent particles must
have a sharp peak at small values of the rapidity differ-
ence (r). The secondary particles in the central region
have been considered here and the two leading particles on
each end of the rapidity space have been neglected. Thus
the contribution of a Pomeron at the ends of the rapidity
distribution is eliminated. Figure 3 shows the rapidity-
difference distribution of adjacent secondary particles and
the solid curve represents a distribution of the form given
by

dn/dr =de '+Ce (2)

where

3 =0.78, B =9.99, C=O. ll, and a=3.26 .

The value of 7 /degree of freedom using the above distri-
bution is = 16.46/21. A single exponential distribution
which implies no correlation was also tried to fit the
above distribution and yielded a high value of 7 /degree
of freedom = 1987/21. Thus, it can be concluded that
there are two-particle correlations among the secondary
particles in the central region. Using the method given
earlier, the correlations among more than two particles
were investigated. The double exponential fit to the three
and four particle r distributions of the secondary particles
yielded the high values of 7 /degree of freedom
428/25 and 874/31, respectively. Hence, it can be con-
cluded that the predominant contribution to multiparticle
production is from low-mass clusters.

It has been shown that the value of slope of the first
exponential term (B) in rapidity-difference distribution
measures the strength of correlation. The value of B in

the present work is 9.99+5.08 which is found to have
nearly the same value as at cosmic-ray energies. ' The r
distribution of secondary particles for nucleon, CNO, and
AgBr target nuclei have been found to follow the follow-
ing relations, respectively:

dn /dr —1 14e . r+0 10e —2. r

dn /dr = 1.4le . "+0.12e

dn /dr =1.46e '+0 19e

The values of the parameters in the above distributions
for nucleon, CNO, and AgBr targets are given in Table I.
It is found that the three distributions are similar and the
values of the parameter B are consistent (within errors).
Thus it appears that the rapidity-difference distribution of
the secondary particles is not modified by nuclear effects.
The reason for this may be that the fast particles are pro-
duced in elementary hadron-hadron collisions, the rest of
the nucleons in the nucleus remain spectators during the
collision. This is also supported by the low value of R ob-
tained in the present interactions. An important question
suggested by Quigg, Pirila, and Thomas for investigation
was the energy dependence of the cluster parameters.
They have shown that at 100—400 GeV/c the number of
charged particles per cluster is 2 which is the same as that
found in the present work. Thus, the high-multiplicity
events are due to a large number of small size clusters
rather than a small number of large size clusters. The
cluster characteristics have been found to remain indepen-
dent of the target nucleus and the primary energy. The
existence of two-particle correlations has been established
at machine energies up to 800 GeV as well as at cosmic-
ray energies (TeV region). This shows the "universality"
of this description of the phenomenon of multiparticle
production.
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