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

Summary. — The multiplicity correlations between forward and backward hemi-
spheres observed since a long time in (pp) interactions at the CERN Intersecting Storage
Rings (ISR), are shown to be due to the leading effect. These multiplicity correlations
are reproduced following our method of classifying each (pp) interaction in terms of
the effective hadronic energy available. It is this energy, and not the long-range cor-
relation, which produces low or high multiplicities in both hemispheres of a (pp) col-
lision. The (log s)-dependence of the correlation strength follows from the energy de-
pendence of the multiplieity. The (log s)-dependence is shown to follow our prediction
from FNAL and SPS, to ISR, and up to Collider energies.

A well-established effect (*) among the global properties of the multihadronic
systems produced in (pp) interactions at the CERN Intersecting Storage Rings (ISR)
is the forward-backward multiplicity correlation (2).

The interpretation of this effect has been in terms of a long-range correlation. In
fact, one hemisphere cannot know what happens in the opposite hemisphere, unless
a long-range correlation is present in the (pp) interaction. A reeent attempt to explain
guch long-range correlations was made in terms of the production of two or more
particle chains, where each single chain is not correlated (3).

(*) W.XocH: Proceeding of X111 Iniernational Symposium on Multiparticle Dynamics, Volendam, 1982,
DESY 82-072.

(!) 8. Unue, I. DERADO, R. MEINKE and H. PREISSNER: Nucl., Phys. B, 132, 15 (1978).

(®)) A. CAPELLA: Proceedings of XIV Iniernational Symposiwm on Multiparticle Dynamics, Granli-
backken, California, 1983, LPTHYE Orsay 83-15.
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This effect and its energy dependence have been remeasured by our group at the
ISR using the Split-Field Magnet (SFM) facility (4), at three energies (v/s),, = (62, 44,
30) GeV for the (pp) case and at one energy (v/s); = 53 GeV for the (pp) case. The
results are shown in fig. la), b), ¢), and fig. 2. For this study we have used « minimum
bias » events (5).
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Fig. 1. — The average charged-particle multiplicity in the forward hemisphere: (nch) p measured
for fixed charged-particle multiplicities in the backward hemisphere: (ng,)g, in (pp) interactions., a):
(V8)gp = 62 GeV, b): (V5),, = 44 GeV, c): (Vs),, = 30 GeV.

(9  R. BOUCLIER, R. C..A. BRown, E. CHESI, L. Dumpdg, H. G. FISCHER, P. G. INNOCENTI, G. MAURIN,
A, MINTEN, L. NAUMANN, ¥. P1uz and O. ULLALAND: Nucl. Instrum. Methods, 125, 19 (1975).

(*) M. BaASILE, G. BoNvICINI, G. CARA ROMEO, L. CIFARELLI, A. CONTIN, M. CURATOL®O, CG. D’ALf,
C. DEL PaApaA, B. EsPosITO, P. GIUSTI, T. MASsSAM; R, NANIA, I, PALMONARI, G. SARTORELLI, M, Spi-
NETTI, G. SUSINNO, L. VoraNo and A. ZICEICHI: Nuovo Cimenfo, 73, 329 (1983).
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Fig. 2. — The average charged-particle multiplicity in the forward hemisphere: {Mep) p measured
for fixed charged-particle multiplicities in the backward hemisphere: (ng), in (pp) interactions at
(V$)y = 83 GeV.

In fig. 1a), the abscissa shows the value of the charged multiplicity n,, observed in
one hemisphere, called the « backward » hemisphere:

(nch)B .

In the ordinate is reported the average value of T, Observed in the opposite hemi-
sphere, defined as the « forward » hemisphere:

B p o

The data reproduce the well-known effect, ¢.e. a linear increase of gy With
increasing (n.)g.

Figures 1b) and c¢) show the data obtained at (V) = 44 GeV and 30 GeV,
respectively.

In fig. 2 the results for (pp) interaetions at (Vs),; = 53 GeV are presented. .

Deviations from linearity, observed for (n,)s <2, are due to the request for ab
least two charged tracks in the event. The forward-backward acceptance symmetry
of the Split-Field Magnet (SFM) detector allows us to use the observed multiplicity;
acceptance effeets could give only a scale factor, not a slope variation.

In all figures, the full line represents the best fit to the data. This makes it possible
to determine the basic quantity in all these studies, i.e. the so-called « strength » of the
correlation function. This is given by the slopes in each set of data.

Another well-known property (%) of this «strength» ig its energy dependence,
This goes like logs:

As mentioned above, the correlation between the two opposite hemispheres in a
(pp) collision and its energy dependence is suggestive of a long-range effect in (pp) in-
teractions. The same is true for (pp). .

Our data agree with previous experiments. However, the main point-of this paper
is not to report on a confirmation of a well-known effect, but to suggest for this effect
an interpretation different from the. generally accepted explanation in terms of the
«long-range correlations » in multibadronic interactions.

‘We have good reasons to believe that the origin of the forward-backward multi-
plicity correlation, its « strength », and its energy dependence, can be understood in &
very simple way, in terms of the «leading » effect (fig. 3).
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In fact in a (pp) interaction, at fixed nominal energy, for example (1/5),, = 62 GeV,
the effective energy available for particle production is not the nominal value. The
multihadronic systems produced in (pp) interactions, at (v/5),, = 62 GeV, can be brought
into excellent agreement with (ete~) if the correct variables are used (°-23). A basic
quantity is the effective energy available for particle production (19). This is denoted by

V(gh)? = V(g + ¢ — ¢ — g5 ™)%,

where g¢'"§ are the four-vectors of the incident protons, and g 3¢ the four-vectors of

the leading protons. Thus (1/5),, = 62 GeV is a source of a large spectrum of v/ (ghad)2
which ranges from a few GeV up to the maximum allowed.

Each value of /(ghd)? produces the number of charged particles expected from the
well-known law reported in fig. 4. Notice in this figure that the ordinate is the total
average charged-particle multiplicity, <n,,>; the abscissa is (v/g)e+- for (e*e~) data (2429

and +/(ghzd)2 for (pp) data (1°).
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‘We have shown (1®) that equal values of (1/5),+.- and of 4/(ghed)2 produce the same
{nyY>. This is in fact one of the remarkable analogies between (ete™) and (pp) interac-
tions. The crucial point is to emphasize that, whilst in (e*e~) annihilation (v/8)e+e-
does correspond to the effective energy available for the production of the multihadronic
final states, in a (pp) interaction the correct quantity which corresponds to (4/8)g+.-

is not the nominal (4/8),,, but the quantity +/(qi2d)? already mentioned.
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To select in one hemisphere a value of (n,,), is a way to pick up a value of +/(ghag)2
For example, large values of (n.,) correspond, on the average, to large values of 1/{ghea)%;
whilst small values of (ny) eorrespond to low values of 4/{ghad)2.

The correlation between (n.,>p and (y)y is therefore due to the fact that different
values of v/{ghed)? are selected via the choice of a given value for (ny)p.

The proof that the correlation between (ng>y and (n.)g is due to +/{ghag)? is given

by the results of a detailed Monte Carlo program, conmstructed with two inputs of
basic data.
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Fig. 4. — Average charged-particle multiplicity {n.) as a function of v (g23)® in (pp) interactions (1*),

compared with average charged particle multiplicity as a funetion of («/E )e+°~ in (ete~) annihi-
lation (24#*), The dashed line is a best fit to our data (**).

These data are shown in fig. 3 and 4. The data (26:27) of fig. 3, i.e. the inclusive Tp
distribution for inelastic events, are the starting point for the Monte Carlo calculations.
The diffractive peak is not of interest for the present analysis, its importance being
strongly reduced by multiplicity selections.

Each (pp) interaction is producing two leading uncorrelated protons, according to
the xy distribution of fig. 3. Once the two leading protons are extracted, the quantity

v (gtd)2

is calculated for that event. The use of fig.4 allows us (the association of) V(ghad)?
with {ng>.
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This is done using the best fit (13) whose analytic form (28-30) ig

T had 2y
> = @ + bexp [@ Vhl ((q;f; ) )] ,

with A = 0.5 GeV and ¢ = 2.47, b == 0.03, ¢ = 1.97.

To each hemisphere of that event an average multiplicity equal to }<{n,) is attributed.
This value is allowed to fluctuate independently, in each of the two hemispheres, ae-
cording to a Poisson distribution. This procedure is followed throughout 105 Monte
Carlo events.

Thus the Monte Carlo results produced at a given nominal value of the total energy
in the (pp) e.m., (v/8)y,. are analysed in terms of <{my p v8. (y)s. A wide range of
(v'8)yp has been used for the Monte Carlo study.

The «strength » of the correlation function is calculated by our Monte Carlo at
different values of (v/5),, in order to cover the wide range where the experimental
results have been obtained (*31:%2), This allows us to check if our Monte Carlo calcula-
tion predicts the correct log s dependence of the «strength » of the correlation function.
The results are shown in fig. 5.
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Tig. 5. - Comparison of our prediction with the s correlation-strength » b == d{nyp) p/d(ny)g Mmeasured,
in (pp) and (pp) interactions as a function of 3. The full line is the best fit of our Monte Carlo results.
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The agreement between Monte Carlo predictions and experimental data is very
good, up to the highest ISR energies.
If at the CERN (pp) Collider the two basic functions:

i) the inclusive xy distribution for the «leading » proton (antiproton),
ii) the average charged-particle multiplicity <{n.,)> as a funetion of +/{gbad)2,

had been measured, we would have been able to predict the «strength » of the multi-
plicity correlation expected at 540 GeV.

It is nevertheless remarkable that the «strength » of the multiplicity correlation,
measured (33) at 540 GeV, lies on the extrapolation of our Monte Carlo results,

This suggests that, even at Collider energies, what we have done at the ISR energies
will hold true.

COonclusion. The multiplicity correlation between two opposite hemispheres in
hadronic interactions, and its energy dependence, are explained as a direct consequence
of the «leading » effect.

vopic, R. WALKER and J, WHITMORE: Phys. Rev. Lett,, 34, 687 (1975).
(*3) UAS5 COLLABORATION (K. ALPGARD ef al.), CERN-EP/83-20 (1983).

M. BASILE, e al.
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