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ABSTRACT

The inclusive production of charged hadrons has been measured inm o and op
collisions at nucleon-nucleon c.m. energies (/E;;) of 31 and 44 GeV, respectively,
for transverse momenta pj up to 5 GeV/c in the central rapidity (y) regiom. At
high Pr the yields are consistent with being 4 times and 16 times higher than the
ones in pp interactions at y = 0, for oc and op interactions respectively. How-
ever, an enhancement over these factors, as expected from an earlier FNAL experi-

ment, cannot be ruled out.
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INTRODUCTION

The target mass (A) dependence of the production of hadrons with large trams-—
verse momenta (pT) was first measured by the Chicago-Princeton (CP) Collaboration
at FNAL for collisioms of 200-400 GeV protons with nucleil {1,2]. It was expected
that for the rare hard interactions no shadowing would occur, and consequently
that at large Pr the production would be proportiomnal to Al, However, when the
A-dependence of the invariant cross—-section E(d®c/dp®) was parametrized as Ad(pT)

it was found that the power o(p.) grows to values larger than 1,0 for p, larger
T T

than 2 GeV/c.

This "anomalous nuclear ephancement' was later confirmed in other experi-
ments [3] and triggered many speculations from the theoretical side. The forma-
tion of big bags, or collective effects, rescattering of partons, contributions
from the Fermi motion of nucleons, and other possible mechanisms have been dis-

cussed [4].

Clearly more experimental information is needed in order to reveal the mecha-
nism responsible for the anomalous enhancement. One of the motivations for
studying ao and op collisions in the CERN Intersecting Storage Rings (ISR} with
the Split Field Magnet (SFM) detector derived from the unique possibility of
measuring the momenta of charged particles over a solid angle close to 4w, It
was hoped that the characteristics of the charged secondaries associated with a

large—pT trigger track could provide a clue to the anomalous enhancement.

In this letter we will present the inclusive invariant cross—sections for
charged particle production for pp up to 5 GeV/c and the ratio of pions to all
charged hadrons for P greater than 3 GeV/c. Results of the study of the associated

event structure will be reported in a forthcoming paper.

THE EXPERIMENT

The energy of the o beams in the ISR was 63.0 GeV (15.8 GeV/nucleon) and that
of the proton beams 31.5 GeV. The centre—of-mass energies (Vs) were 124.6 and
88.1 GeV or, in the average nucleon-nucleon subsystems (Vsnn), 31.2 and 44.0 GeV

for oo and op interactions, respectively.



-2 -

The luminosities were: 3.1 x 102% em™2 &7' (a@); and 7.4 x 10%2° em™? 7!
(op) [5]. The data presented here were obtained with an integrated luminosity of
2.2 x 10*? em™? (o0) and 4.3 x 10®* em™? (op). The luminesity was measured at
small angles with respect to the outgoing beams by monitor counters, which were

calibrated once for op and once for oo collisions by the van der Meer method [6].

The experiment was done at the SFM detector. This detector is a general-
purpose spectrometer, capable of analysing momenta of charged particles over close
to 47 sr and of identifying particles in limited regions of phase space. The mag-
net produces a field volume of 30 m® with a maximum strength of 1 T. By means of
multiwire proportional chambers (MWPCs) more than 85% of all charged particles
are detected in normal inelastic interactions. The details of this apparatus

have been described elsewhere [7].

Two different trigger procedures have been used. The low--pT data (pT < 2 GeV/e)
were obtained with a minimum bias trigger, which requires at least one track can-
didate anywhere in the detector. One track candidate is defined by the coincidence
of at least three pairs of wire planes. The event samples contained 37,000 oo

and 27,000 op inelastic interactions.

For the large-p; data (pT > 2 GeV/e), two independent trigger regions were
set up at polar angles of 45° with respect to the beams near the horizontal plane
(azimuthal angle ¢ between *15°). The trigger decision was made in two steps by
means of signals from the MWPCs. The first decision requires one track candidate
in one of the trigger regions. The second decision uses signals from groups of
16 neighbouring vertical wires and requires fixed coincidence patterns (trigger
roads) between different planes corresponding to tracks with lower curvature.

Thus tracks with higher curvature are rejected (p,I < 1.5 GeV/c). Two gas Cerenkov
counters filled with freon-12 at atmospheric pressure detect pions with total
laboratory momenta above 3.8 GeV/c. Starting from a sample of 0.4 x 10° (1.0 x 10%)
large-pT triggers on tape for ao (ap) interactioms, 12,000 (44,000) events with a

track having Pr higher than 2 CeV/c were cobtained.
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The momentum resolution Ap is 0.004 p? (with p in units of GeV/c) in the
trigger regions. The acceptance of the trigger regions, including the efficiency
for track finding, was determined by a Monte Carlo simulation. The error in the
absolute normalization of the cross-sections, which is due to the luminosity
measurement, is estimated to be smaller than 107 based on the stability of results

obtained in repeated measurements with pp beams.

RESULTS

The measured invariant cross—sectioms dZU/ﬂdydp% as a function of Py are
shown in figs. la to 1d for positive and negative tracks separately, and compared
with results obtained by the British-Scandinavian (BS) Collaboration for pp inter-

actions at the same vs [8].
nn

All kinematic quantities are given in the nucleon-nucleon centre-of-mass
system. The mean rapidities (y) selected by the large—pT trigger are indicated;
they differ by 0.2 units for positive and negative tracks going into the same
trigger region owing to the opposite curvature of the tracks in the magnetic field.
Both rapidity windows Ay are about 0.5 units wide. Corresponding y intervals have
been selected for the minimum-bias events in the off-line analysis. In the case
of op collisions, the two trigger regions are not symmetrical with respect to
y = 0, contrary to pp and o collisions, since the proton—nucleon centre of mass

moves with a rapidity of -0.35 in the direction of the proton beam.

With increasing Pro the cross—sections for op interactions decrease more
quickly on the o-side (positive y) than on the proton side (negative y), for nega-
tive as well as for positive tracks (figs. la and 1b). The production cross-—
sections for pp interactions used for the comparisom were measured at different y
in the range 0 to 1. At Vs = 44 GeV no systematic dependence on y can be seen in
the pp data. At Vs = 31 GeV the BS data exhibit a clear y dependence —— the cross—

sections decrease with increasing y at high Pp-
The invariant cross-sections were fitted to a function of the form

A exp (—apT) + B exp (—pr) (1)
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in the range 0.3 < Pr < 4 GeV/c., The fitted parameters are given in table 1.

The measured ratios of pions to all hadrons of the same charge

> 3 GeV/e (2)

Fr(pp) = N(rO/MN@YH  for py

are listed in the last column of table 1. Particle discrimination was only pos-

sible for Py above 3 GeV/c, corresponding to the minimum laboratory momentum of

3.8 GeV/c which pions need in order to produce light in the Cerenkov counters.
Within the available pp range no statistically significant change of the particle
ratios_we;e observed, so the average ratioc in the interval 3 < Py < 4.5 GeV/c is
quotgd. These particle ratios are within the errors compatible with the ones
measurgd in pp and pd interactions [2], apart from a slight increase of the frac-

tion of positive heavy particles in oo collisions.

DISCUSSION

"For op interactions the yield of particles was found to be higher on the

proton side than on the o side. Since the absolute values of y of the trigger

particle are lower on the proton side than on the o side, this result may be

“attributéed to a decrease of the invariant cross—sections with increasing y., How-

ever, such a strong dependence on y is in contrast to the weak dependence on y

of the BS pp data at Vs = 44 GeV and may therefore be a nuclear effect.

For a better comparison of the yields of produced particles in op and oo
interactions with the yield in pp interactions, we show in £ig. 2 the cross-section

ratios R*(op/pp) and R*(za/pp). The ratio R*(up/pp), for instance, is defined as

. d20+/dyde(ap)
R (ap/pp) = - , (3)
d°o /dyde(pp)

taken at the same Msnn and at the nearest y. The solid lines in figs. 2a and 2b

. were obtained by calculating the ratio as

r
R*(ap/pp) = z: 4%1(P1) F; , (%)
1

where Fi, the relative amount of Wi, Ki, and pi [cf. eq. (2)], and af(pT) were
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taken from ref, [2], neglecting a potential energy dependence of ai(pT) and the
known small energy dependence of Fi and possibile isospin effects. The naive ex-
pectation ——- a factor of 4 -- is indicated by a dotted line. The ratio rises from
about 3 at low Py to a value close to 4 at higher Pp+ In the overlap region in
Pr this is consistent with the results of two other experiments at the ISR, which
have measured the 7’ production [9,10]. It should be noted here that the precise
determination of ai(pT) in the FNAL experiment was made possible by the use of
very heavy targets. The expected enhancement in p interactions is 20% above 4
for p, = 4 GeV/c, whilst uncertainties in the absolute normalization of the cross-

sections are of the order of 10Z. (The error bars in the figures indicate only

the statistical errors.)

For oo interactions, the naive expectation for the ratio Ri(au/pp) is 16 —-
corresponding to 4 X 4 independently interacting nucleon pairs {(dotted line in
figs. 2c and 2d). The curve corresponds to the square of the ratio RY for ap
(eq. 4). The ratio to the BS pp data at y = 0 increases from 10 to slightly above
16, With respect to the cross-sections at y = 0.6, a rather significant enhance-
ment over the factor of 16 is observed. Unfortunately, the pp data at vy = 0.6
have only been measured up to Pr = 2.6 GeV/c. In addition, recent results from
the Axial Field Spectrometer Collaboration indicate that the two high—pT pp data
points at v = 0.6 may be inconsistent [11]. An enhancement of the ratio
R;(aa/pp) over the factor of 16 at high Pr has been found by the two other experi-

ments at the ISR [9,10].

Our results are consistent with a value of 16 for R¥*(oca/pp) and a value of 4
for Rt(ap/pp) at Pr higher than 1 GeV/c. However, an enhancement over these fac-
tors, of a size expected by extrapolation from the FNAL experiment, is not signi-
ficantly ruled out; relatively small wvariations of the pp and ud cross—sections
as a function of the rapidity y —— as indeed observed for ap interactions --

could rendexr the ratios consistent with such an enhancement.
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Figure captions

Fig. 1

Fig. 2
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Invariant cross—-sections dZO/Wdyd(p%) in units of mb GeV™? ¢® as a

function of Prp for
ap collisions, positive (a) and negative
o collisions, positive (c) and negative
The lines through the points correspond to
text and table 1). The cross-sections ére

(lower points) from ref. [8].

{(b) tracks;
(d) tracks.
the fitted functions (see

compared with pp data

The ratios [cf. eq. (3)] of invariant cross-sections in op and oo

collisions to the ones in pp collisions as
a) op collisions, positive tracks;

b) op collisions, negative tracks.

Solid lines: expected ratio [eq. ORE

¢) an collisions, positive tracks;

d) oo collisions, negative tracks.

a function of Ppt

Solid line: the square of the ratio as defined in eq. (4).
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