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PACS. 13.90. — Other topics in specific reactions and phenomenology of elementary
particles.

Summary. — The assumption that the leading offect, and the charged-particle
multiplicity distributions, measured at the 1SR, scale with energy, and that the mean
charged multiplicity, measured at the ISR, can be extrapolated up to Collider energy
using the leading subtraction method, allows a prediction of the charged multiplicity
distribution at the CERN pp Collider. This prediction is found to be in excellent
agreement with the experimental data obtained at the Collider by the UA5 group.

Nobody has so far succeded in fitting, with known facts, the charged-particle
multiplicity distribution measured, in the full rapidity range, at the CERN pp Col-
lider (1).

This is shown in fig. 1, where the experimental results, obtained by the UAS5 col-
laboration, are compared with two attempts proposed in order to find out a way to
understand the charged-multiplicity distribution at the highest Aenergy available so
far in hadronie machines.
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Ii‘igg. 1. — The charged-particle multiplicity distribution measured by th2 UAJ5 collaboration (}) at
l{ \/s)pg = 540 GeV. The dashed curve is the KNO (') scaling prediction based on the fit by SrLAT-
TERY (?). The solid curve is the UAJ fit (V).

The main trend was to interpret this lack of agreement, between theoretical models
and experimental results, as an example of scale breaking (*) in the large energy range
from fixed target, to ISR, to Collider, experiments, i.e. from ~ 10 up to 540 GeV.

We have reported (*) that scale invariance () holds in the charged-multiplicity
distributions measured at ISR once the leading effects are taken in due account. We
also known that the leading effects scale in the ISR energy range (°). It is, therefore,
reasonable to extrapolate the ISR results to Collider energies. This allows a predic-
tion of the churged multiplicity distribution expected at the CERN pp Collider.

We will see that this prediction is in excellent agreement with the experimental
data.

Let us start with the charged-multiplicity distributions measured in (pp) interac-
tions at the ISR (3), once the effective energy available for particle production, 1/(gkad)?,
is used as the correct energy parameter (%-%).
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The best fit to our data (%) is shown in fig. 2. If scaling is true at ISR encrgies, it
is reagonable to assume that it will remain valid even at higher energies, for example
at Collider energies. We will agsume that the best fit shown in fig. 2 holds true at
Collider energies.

The second step is to know the basic ingredient which produces, in any hadronic
the correct energy available for particle production, i.e. the quantity
V/(ghatyz. This is shown in fig. 3 (%19, where a, is the fractional momentum of the leading
proton and doj/dz, is the inclusive cross-section for the reaction

pp — p-anything .

Asg reported in earlier works, at [SR, do/di, scales, if we go from minimum to
maximum ISR energies (°); if instead of (pp) we take (pp), it is reasonable to expect
only minor, if any, change in do/da,. An exponential fit (do/dw, ~ exp [— @,/20]) to
the data (fig. 3) in the range 0.15 < @, << 0.9 gives for the slope the value l/z, =
= 0.23 4 0.07.
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Fig. 3. — Inclusive differential cross-section dofdr, as a function of zp (v = "pL/\/g) measurcd 1)
in the reaction pp — p X, at ISR encrgies. Open circles ave ref, (*); solid cireles are rvef., (1),

Let us assume that the best fit to the data shown in fig. 3 holds true at Collider
energy for (pp) interactions. Given this best fit, it is possible to caleulate the distri-

bution function F[v/(gid)z] of the quantity +/{ghaijz (indicated from now on as /g2

)y J. W, Caarman, J. W. Coorrr, N. Greex, A, A, Skinn, J. ¢ VeExDER VELDE, C. M. Brom-
BERG, . ComsuN, T, FERBEL and P. Starrery: Phys. Rev. Letf., 32, 257 (1974).

() From a p, integration of data by P. CariLverl, G, GIAcoMELLI, A. M. Rossi, G. VANNINI and
A. BUSSIERE: Nucl. Phys. B, 70, 1 (1974).
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for simplicity):
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a*s
where s is the square of the nominal e.m. energy of the initial state.

The distribution funetion (1)-is valid when the leading particles in the final state
are uncorrelated. At ISR we have established thal the two leading protous show no
correlation (}*). We will, therefore, assume that the uncorrelation remains valid af
Collider energies.

For the dependence of the average charged multiplicity () on 4/¢2, the following
analytic form (*213) i taken:

(2) g (V@E)) = A-exp [ B+/In{q2/A2)]
where A = 0.2 GeV.
According to our method of leading-particle subtraction, the average charged mul-

tiplicity in (pp) (*41%), (pP) (*) interactions, at fixed nominal energy /s, is obtained
from the knowledge of the distribution function (1):

Ve ax
(3) (V) ::JF(\/iﬁ) (V) AWVeEE) + n,

the sake of simplicity in what follows we take v/g2 = 0 and Vg2 _ == (v'8),,- This
corresponds to the full @, range (0--1) of the leading particles. The quantity » is taken
to be 2 in the (pp) case and in the (pp) case, on the basis of the very small contribu-
tion from charge exchange and annibilation expeeted in (pp) interactions at the Col-
lider on the basis of extrapolated ISR data. The fit to the data of fig. 4 gives the fol-
lowing values for A and B: A = 0.082 -- 0.002, B = 1.56 4 0.01.

All the quantities needed in order to caleulate the charged-multiplicity distribution
expected at the pp Collider now exist. In faet the probability of observing a charged
multiplicity, n.4, at a value of 4/, Plng,; +/s1, is given by the integral of the probability,
Plng—n; /@], of observing the multiplieity, ng— n, at 4/g2. This function (%) is
the best fit to the data in fig. 2:

(4) P[i‘n'ch; \/‘;] == fl?’(,\/(jé) 1)[71‘&1‘—‘ 3 \/ég] (1(\/@) .

\/,112“ in
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The result of this caleulation is the curve in fig. 5. Notice that the comparison
between the experimental data and formula (4) gives a y¥/point = 1.3.
We wish to stress that this prediclion is based on the hypothesis that

1) the charged-partiele multiplicity distributions (fig. 2),
ii) and the leading-proton effect (fig. 3) scale from ISR up to collider energies;
and

iii) the average charged-particle multiplicity is a function of v/q(bsi)z as shown
in fig. 4.

CUonclusion. If we assume that the leading effect, together with the multiplicity
distributions, measured at 181X, scale up to Collider energy, and that the mean charged
multiplicity, measured at ISR, can be extrapolated up to Collider energy by using the
leading subtraction method, the ISR data allow one to predict the charged-multiplicity
distribution measured by UA5 at the CERN pp Collider. The agreement between this
prediction and the experimental data, as shown in fig. 5, is impressive.
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