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ABSTRACT

We report on a comparative investigation of 5p and pp collisions at
the CERN Intersecting Storage Rings. The study was performed using the
cylindrical drift chamber of the Axial Field Spectrometer. Non-relativistic
particles were identified through multiple ionization sampling. We ceczpare
the inclusive production of pions, kaons, protons and antiprotons in the
central region of rapidity (|y| <0.8). Distributions in charged particle
multiplicity, rapidity and pp are found to be very similar in Pp and pp
data.
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1. _APPARATUS

The data for this analysis were taken at the CERV Intersecting Storage

Rir¢s using the Axial Field Spectrometer (AFS) Fig. 1.

This spectrometer is designed for the investigation of highly inelastic
pp collisions. It consists of a cylindrical drift chamber as vertex detector;
the drift chamber operates in a 0.5 Tesla axial magnetic field. There is
a Cerenkov arm on one side that covers |y| < 1.0 and 40° in azimuth. On the
side opposite to the Cerenkov arm are two liquid-argon electromagnetic
calorimeters. At a later séage of the experiment the vertex detector will
be surrounded entirely by a (uranium-scintillator-sandwich) electromagnetic

and hadronic calorimeter.

The only parts of the spectrometer used in the present analysis are the
drift chamber (Fig. 2) and a barrel hodoscope that surrounds the beam pipe.
The vertex detector is a 1.4 m long drift chamber of the "bicycle wheel"
configuration with 4° azimuthal segmentation. Each 4° sector conmtains 42
resistive sense wires (arranged radially into three crowns), that provide
non-projective point reconstruction in the transverse plane from drift time
and longitudinally from charge division measurement. 1In additiom, multiple
ionization sampling (dE/dx) is used for particle identification. Fig. 3
shows the truncated mean of the ionization samples versus the logarithm of

the momentum; clear 7, K and p discrimination can be observed in the scatter-

plot.

The resolution in the chamber is ¢ = 230 ym (rms) in drift distance and

= 1.5 cm (rms) in the axial coordinate. The truncated zean (for > 30

a

2. THE DATA SAMPLES

The data described here consist of 25 000 Ep events and 36 000 pp events
at Vs = 53 GeV. Both samples were obtained in ISR runs with low luminosity,
spaced closely in time, and analyzed with the same set of analysis programs.
The trigger used was a minimum bias trigger, defined by a coincidence between

scintillation counters surrounding the two beam tubes downstream of the inter-
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section region. This trigger is sensitive to about 60Z of tha inelastic

collisions.

RESULTS

3.1. By Spectra
The Py spectrum observed for charged particles emitted in pp collisions

within the rapidity range |y| < 0.8 is shown in Fig. 4, together with the
spectrum at 90° measured in previous experiments (Refs [2,3,4]). The two
sets of data agree reasonably well in shape of the spectra. There is an
uncertainty in normalization of about 10Z in both distributions (the
rapidity range |y < 0.8 is chosen because the acceptance is almost uniform
and close to 100% in this regi-.). This result is compared with the
corresponding one from pp co”.isions in Fig. 5, where we plot the ratio

of the two spectra. No significant difference is observed.

In limited ranges of momentum we can distinguish ﬂ:, K: and p: from
the measurement of dE/dx in the drift chamber. Protons and antiprotons
are identified in a region plab = 200 MeV/c to 800 MeV/c and K mesons in a
region plab = 100 MeV/c to 500 MeV/c. The ratio of the Py spectra of K
mesons from ;p and pp collisions is given in Fig, 6., There are 12 =
72 more K and 12 * 7% less K emitted into our region from pp collisions
than from pp collisions. These differences should be held together with
the K+/K- ratio in pp collisions. At 90° and at low Py the K* to K~
ratio has previously been measured to be 1.18 = 0.06 (Ref. [4]) and in this
2xperiment we find 1,24 * 0,07. The deviation from 1.00 is presumably
due to the contribution to the K meson flux at 90° from (K+, Y) azssociated
production adding to the pair production of K mesons. When one of the
proton beams is exchanged with an antiproton beam, we would expect - if
the pair preduction is the same - a v 107 decrease of K+ and a v 107
increase of K , which is close to the observed changes. Since the sum

+- -
of K and K is almost unchanged, there cannot be a large difference in pair

production in pp and in pp collisions.

Fig. 7 shows ratios similar to those in Fig. 6, but for protons and

antiprotons. Here we observe a decrease of (8 *# 5)%7 in the number of
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protons and an increase of (24 * 6)% in the number of antiprotons produced
in che Sp collisions as compared to pp collisions. There is an indication
of a variation with Py of this production ratio, suggesting a larger

effect at higher Py

3.2. Rapidity Distributions
The rapidity distributions of all charged particles in the two data

samples are compared in Fig. 8; positive and negative particles are shown
separately in Fig. 9, and particles with Pp > 1.0 Ge¥/c in Fig. 10 in
order to see if we can trace the directions of the incoming charges (the
antiproton beam is in the direction of negative rapidity). The ratios of
the observed rapidity distributions show no variation with y. Averaged
over rapidity we see 3.8 * 0.7% fewer positive particles and 2.8 % 0,73
more negative particles in pp collisions than in pp collisions. For &
p and p the ratios of the rapidity distributions are plotted separately
in Figs. 11 and 12. With the present statistics no clear variation can
be seen with y. On the other hand the changes in the distributions of
final state protons and antiprotons from PP to pp collisions must depend
on rapidity since ac least a part of them 1s the change in the scattering
of beam particles into our region. The y dependence to be expected of
the production ratios for protons and antiprotons can be estimated from
the known cross sections for pp + p + X and pp + p + X [4], assuming that
pair creation of protons and antiprotons is the same in pp as in pp
collisions. The estimate involves an evaluation of the distribution of
protons in pp collisions that originate from one of the beams. Fig. 13
illustrates this evaluation for protons with Py = 0.6 GeV/c giving the
production ratics as sketched in Figs. 11 and 12, Thers is rsasonable

agreement with the observed ratios.

3.3. Chargeu Particle Multiplicity Distributions

The charged particle multiplicity distributions in the two data

samples are shown in Fig, 14, and the ratio between them plotted in Fig. 15.
The pp collisions seem to populate the high multiplicity tail more strongly
than the pp collisions. Such an effect could be connected with the small
fraction of annihilation events in the pp collisioms. From an extrapolation

of the difference in the Ep and pp total cross sections (AC) measured as a
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function of /s at lower energies [5)], we find that at /s = 53 GeV,
40 = 0.9 mb or 2.6% of 0, .. A fraction of this magnitude of the PP
collisions might provide a special class of final states, for example with
high multiplicities. 1In our regian of rapidity the pp collisions have

<n> = 2,7. Maybe the observed effect can be understood as coming from 2.6%
of the ;p collisions haviang <n> = 2.7 + € and a scaled multiplicity
distribution around this higher <n>. The ratio between a composed distri-
bution and a distribution with <p> = 2.7 is drawn on Fig. 15 for e = 1,

2 and 3. The observations are well described by € = 1.7 * 1.0 i.e. an
increase of the order of 60Z of <n> in the central region for the aunihi-

lations. However at the present level of precision € could also be zeco.

BACKGROUND ESTIMATE

To estimate the background produced by beam gas and beam pipe inter-
actions, we took data with only the proton beam present. In 36 minutes
we got 256 triggers of which two were accepted as events by the offline
analysis program. From this we can estimate that less than seven events
in a thousand are background events in the Ep data sample. Systematic
effects might might arise from small variations in the run conditions and

program ineificiencies are not included in the errors given.

CONCLUSIONS

Within the limited analysis power represented by the available
antiproton sample of 25,000 Minimum Bias triggered events we have compared
the production of particles in pp and pp collisions at /s = 53 GeV in the
rapidity range {y| < 0.8 and in the pp range up to 1.5 GeV/c. We found that
pp and pp collisions are similar within errors except for such changes
in charge and baryon number flow, which can be understood as consequences
of the change in quantum numbers of one of the colliding particles. In
particular we have not observed any increase of the pair production of Ki
or pt in Ep collisions., An indication is observed that a smali fraction
(the annihilation part) of the pp collisions lead to higher charge
multiplicity in the central region than the bulk of ;p collisions, which are

similar to pp collisiomns.

This research supported in part by the U.S. Department of Energy.
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