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Summary. By wusing the method of removing the leading protons, the
inclusive fractional-momentum distributions of particles produced in
low-py (pp) interactions have been measured for effective hadronic
energies, B4, available for particle production, in the range corresponding
to the very low (ete) c.m. energies (v/s)e= (3.0--7.8) GeV. The
results are in good agreement with (ete-) data. This shows that the
similarity with (ete-), already found at higher F, ;, extends to the lowest
energy range in (ete~). The experiment was performed at (/s Jop=230 GeV,
in the CERN Intersecting Storage Rings, by using the Split-Field Magnet
Facility.

1. - Intreduction.

One of the most significant discoveries in multihadronic systems produced
in (e*e~) annihilation has been the dramatic rise observed at low fractional
momentum of the rate of particles produced (2).

(Y) R. BRANDELIK ef al. (TASSO CorraBORATION): Phys. Lett. B, 89, 418 (1980), and
references therein.
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The new way of studying (pp) interactions, based on the subtraction of the
«leading »-proton effects, has shown an impressive series of analogies in the
properties of the multiparticle systems produced in (pp) interactions and in
(ete~) annihilation (>11). One of these properties is the inclusive fractional-
momentum distribution of the particles produced (?).

So far, owing to technical reasons and the corresponding experimental
Dbias in the effective hadronic energy, it was impossible in the (pp) case (because
of the too high incident-proton energies) to reach the same low value, for the
effective hadronic energy, as for the low-energy (e*e~) case. Thus our obser-
vation of the same rise in the inclusive fractional-momentum distributions
could not be established down to the lowest energy range.

The purpose of this paper is to report on the inclusive fractional-momentum

(3) M. BasiLg, G. Cara Romro, L. CIFARELLI, A. ConTiN, G. D’Avri, P. Dx CESARE,
B. Esposito, P. Grusti, T. Massam, F. PALMONARI, G. SARTORELLL, G. VarLenTi and
A. Zicuicui: Phys. Lett. B, 92, 367 (1980).
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B. Esposito, P. Grusti, T. Massam, R. Nania, P. PALMONARI, G. SARTORELLI,
G. Varexti and A. Zicmicui: Phys. Leti. B, 95, 311 (1980).
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distributions of multiparticle systems produced in (pp) interactions, at low
effective hadronic energies, 7, ,, in such a way that, by using (pp) data, it is
possible to reproduce the fotal sequence from low to high #, ,, corresponding
to the (ete~) case. This proves that the similarity in the inclusive fractional-
momentum distributions between (pp) and (ete~) holds true all over the B, ..
range.

2. — Experimental apparatus and data taking.

The experiment was performed at the CERN Intersecting Storage Rings
with (pp) e.m. energy (v's), = 30 GeV. A description of the apparatus has
already been given elsewhere (1?). The set-up consisted mainly of a large-
volume magnetic field, coupled to a powerful system of multiwire proportional
chambers. The trigger of the events required, by means of a suitable wire
chamber logic, two fast particles, one in the forward and one in the backward
hemisphere, with respect to the beam direction. The purpose of this trigger
is to obtain events with leading protons detected in the apparatus.

3. — Data analysis,

The procedure of the analysis is the same as described in our previous
papers (**'). For each hemisphere, the leading proton is determined as the
fastest particle with positive charge and o =2|p.|[Vs>0.4 (p, = longitudinal
momentum). A momentum resolution 3p/p <89, is also required. The events
with a leading proton detected in the apparatus are then analysed, in order
to study the properties of the multiparticle systems produced in the same
hemisphere as the leading proton. The available energy for hadron produec-
tion is defined as

Ehad:l/—s'—'E

2 leading

with B ., being the energy of the leading proton. The momentum distribu-
tion of the particles produced is studied in terms of the fractional variable
m: = p|HBy,q4, With p being the momentum of the particle. Only tracks with
an estimated momentum resolution of 3p/p<309, and a distance d<5cm
from the vertex were retained in the analysis.

(**} R. BoucLIER, R. C. A, Browy, E. Cars1, L. Dumes, H. G, FiscHER, P. G. INNO-
CENTI, G. MAURIN, A. MiNTEN, L. NAUMANN, F. Pruz and O. ULLALAND : Nucl. Instrum.
Methods, 125, 19 (1975).
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Fig. 1. — Theinclusive fractional-momentum distribution (2/N, )(AN/da}) (27=|p|/Eyaa)

for (pp) data at 2E,==(3-+4) GeV, compared with the distribution (1/o)(do/dwg),
(zp=2|p|/v3) in (ete™), at (V/§)g,-= 3 GeV (Mark I).
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Tig. 2. — The same distributions as in fig. 1, at 2F,z—= (4--6) GeV for (pp) data,
and (Vs )g-= 4.8 GeV for (ete~) data.
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The inclusive fractional-momentum distribution, normalized to the number
of events, (1/Nw)(d.l\f/dw:5), has been measured. The number of tracks, dN,
is corrected for the acceptance of the apparatus, as determined by a Monte
Carlo simulation. N, is the number of events, i.e. the number of multihadron
systems with at least one charged particle produced.

In order to take into account the fact that we observe only one hemisphere,
we need to normalize each event to a full (ete~) event. This is why the inclu-
sive distributions are multiplied by a factor of two and the c.m. energies are
compared in terms of (V$).e = 2E,,.

4. — Resulis.

Three hadronic-energy bands in the SPEAR energy range have been
studied: 28,,, = (34}, (4--6), (6--9) GeV. The corresponding nurmnbers of sna-
lysed events, with at least one charged particle detected, are 184, 488, and
897, respectively.

Our results for the inclusive fractional-momentum distributions, (2/N,)-
(AN /dx;’;), are shown in fig. 1-3, in which they are compared with the distribu-
tions (1/0)(do/dws) from the Mark I experiment (1) (wx= 2p/Vs).

The results show that also in the low-energy range there is a good agree-
ment with (ete~) data.

5. — Conclusions.

The study of the inclusive fractional-momentum distributions of particles
produced in low-p,, (pp) interactions, based on the method of removing leading
protons, has been extended to the lowest range of the effective hadronic energies.
The present results and our previous ones, relative to higher &, ,, show that
the similarity between (pp) interactions and (ete~) annihilations, in the in-
clusive fractional-momentum distributions of the particles produced, holds
true all over the energy range investigated so far, i.e. 2F, , from 3 GeV up to
32 GeV. In particular, in going from low to high energy, a similar rise in
the rate of particles produced at low fractional momentum is observed in
the (pp) as in the (efe~) case.

(%) J. L. Siearist: Ph. D, Thesis, Report-SLAC 225 (1979).
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® RIASSUNTO

Si & misurata la distribuzione inclusiva della frazione di impulso totale delle particelle

_prodotte in interazioni (pp) di basso impulso tragverso, utilizzando il metodo della
sottrazione .di protoni «leading ». L’intervallo di energia adronica effettiva disponibile
per la produzione di particelle (H,,q), del campione di eventi analizzato, corrisponde
a un’energia nel centro di massa, per interazioni (ete~), molto bassa: 3.0 < (4/8)sre~<
<17.8GeV. I risultati, in ottimo accordo con ‘i dati di (ete~) all’energia suddetta,
mostrano che la similitudine, gid messa in evidenza a grandi B, 4, tra le interazioni (e*te~)
¢ le interazioni (pp) si estende fino a valori di energia (ete~) molto bassi. I’esperimento
& stato effettuato ad un’energia nel centro di massa (pp) di (v/s),,= 30 GeV, agli ISR
del CERN, utilizzando ’apparato denominato SFM (Split-Field Magnet).

- Pe3tome me mosydyeHo.

M. BASILE, ¢ al.

1 Gennaio 1982
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