EURQPEAN ORGANIZATION FOR NUCLEAR RESEARCH

CERN-EP/79-30
10 April 1979

INCLUSIVE n PRODUCTION AT HIGH Pr AT THE ISR

C. Kourkoumelis and L.K. Resvanis

University of Athens, Athens, Greece

T.A. Filippas and E, Fokitis

National Technical University, Athens, Greece

A.M. Cnops, S, Iwatal), R.B. Palmer, D.C. Rahm,
P. Rehak and I. Stumer

Brookhaven National Laboratoryz), Upton, NY, USA

C.W. Fabjan, T. Fieldsa), D. Lissauerh), I. Mannellis), P. Mouzourakis,
A. Nappi®) and W.J. Willis

CERN, Geneva, Switzerland
and

M. Goldberg

Syracuse Universitys), Syracuse, NY, USA

ABSTRACT

The inclusive 1 production cross—section at the CERN ISR has been measured
for Pr values of up to 11 GeV/c. We find that the n/m® cross-section ratic has

an average value of 0.55 £ 0.07 and varies little with P
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INTRODUCTION

Using a detector system [1] that offers both high spatial resolution and
large sclid angle, we have measured the Inclusive 71 production cross-section for
values of 3 < Pr < 11 GeV/c in pp collisions at the ISR. The measurements were
taken at the three c.m. energies vs = 31, 53, and 62 GeV. Two different geomet-

rical arrangements of the apparatus [2] were used.

EXPERIMENTAL APPARATUS

Inclusive 1 production was measured by detecting the twe resolved decay pho-
tons from the decay mode n + 2y with a detector system [1] based on liquid-argon -
Pb-plate calorimeters of high spatial resclution and large solid-angle acceptance.
The two different geometrical arrangements of the detector are described in

detail elsewhere [2,3] and are shown in Figs. la and b,

The first arrangement, ''retracted geometry', consisted of two calorimeters
placed at a distance of 1.6 m from the interacticn point, each calorimeter cover—
ing 70° to 110° in polar angle and 20° in azimuth. With this arrangement (where

both photons of the 7°

decay were also identified) we took data which were
statistically significant up to 6,5 GeV/c in Dy For higher values of Prrs the
large solid angle (3 sr total fiducial area) of our '"mormal geometry" was required.
This consisted of four calcrimeters, placed at a distance of 0.86 m from the
interaction region., In this configuration > $0% of all 1% + 2v events above

Pp = 8 GeV/c appeared as single, merged, unresolved, electromagnetic showers,

The opening angle in the 1 decay is larger and we were able to resclve the two

photons from the 1 decay throughout the P, range, in both configurations.

The trigger used for the experiment is a requirement of sufficient energy

deposit in the calorimeter, and is described in detail elsewhere [2,3].

The retracted geometry data presented here are based on an integrated lumi-
nosity of 0.65 x 10°% em™2 at /5 = 30.6 GeV, 1 x 10°% at vs = 52.7 GeV, and
0.98 x 10%® at vs = 62.4 GeV. The normal geometry data were mostly taken at

Vs = 62.4 GeV and represent an integrated luminosity of 3.62 x 10%7 om™?%,



DATA ANALYSIS

The selection of each candidate was done by reguiring at least two recon-—
structed phcton showers; the asymmetry of the photon pair, a = ‘El - Ezl/Etot,

was restricted to values smaller than 0.4, our detection efficiency being constant

over this range of «.

The data from both geometrical arrangements covered a P raqge of 3 to 1} GeV/c.
The lower limit was impesed by the trigger thresholds and the upper iimit.byrthé
avallable statistics., Figures 2a and b show mass spéctra for the two different
geometrical arrangements. The backgrounds under the peaks do not account for
more than 507 and are of two kinds. One is due to the pairing of ﬁncorrelated
showers. The other kind of background, which is mainly near the m° peak, comes
from beam—gas interactions leading to false shower signals. This was removed by
imposing further restrictions on energy deposition and on the radius of the
electromagnetic showers in the calorimeter. These requirements were found effec-—

tive in eliminating false showers and rejected only 5% of the signal,

For each P interval the shape of the n-mass spectrum was parametrized as a
Gaussian on top of 2 quadratic background; by minimizing x?, the amounts of sig-
nal and background, the centroid and width of the Gaussian, and the backgfound
shape parameters were determined. The widths are consistent with the calorimeter
energy resolution. Calculating.the acceptance of the apparatus for each Py
interval using a Monte Carlo techniquekand correcting for the n -+ 2y branching
ratio, the n production cross—section shown in the table was obtained. The cbserved

¥ ratio of events —— after background subtraction ——- was corrected by the rela-

n/m
tive n/m? geometrical and trigger acceptances. Therefore the n/m’ cross-section

ratio was free of most systematic biases such as normalization uncertainties, etc.

Any directly produced photons [4-7] are included in the 7° sample for the
normal geometry. The existence of such photons would lower the ratio n/ﬂ” only

for this geometry {(i.e. > 7 GeV/c) while it would have no effect for the re—

Pr
tracted geometry (pT < 7 GeV/c).



RESULTS AND DISCUSSION

The n/m°% inclusive cross-section ratio as a function of Pr is shown in Fig. 3,
for the retracted geometry, for the three different values of Vs, An average
value of n/n’ = 0.57 * 0,08 describes the data well for the range of Pr of this
geometry (3 < Py < 7 GeV/c) and 31 < Vs < 62 GeV. The above value is consistent
with previous measurements at the ISR [8], while it is higher than the results at
FNAL energies [9,10] taken at lower values of vs and of Py Figure 4 shows the

]

n/1° cross-section ratio for Vs = 62,4 GeV and for both retracted and normal geo~

metries, as a function of Prs for 's up to 11 GeV/c. For Pr > 7 GeV/c, the n/n°

Pp
ratio 1s consistent with an average value of 0.53 t 0.07 (the errors quoted on

these average values include an estimate of the systematic errors).

Some theoretical calculations [4-7] suggest that there is a sizeable single-
photon production at high Pp- Assuming that a possible drop in the average value
of the n/m° cross-section ratio in going from the retracted to the normal
geometry is due exclusively to this effect, then the average v/m% cross-section

ratio, for Py between 7 and 11 GeV/c, would be y/m° = 0.08 * 0.18.
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Invariant cross—sections for the reaction pp + nX

. s . 3 3
p, Tange <pT> Ed°c/dp®
(Gev/c) . (GeV/e) (em® c¥/Gev?)
Vs = 30.6 GeV
3.1-3.5 3.30 (1.29 £ 0,21) x 10732
3.5-4.0 3.75 (2.77 £ 0.58) x 10733
Vs = 52.7 GeV
3.1-3.5 3.30 (6,38 + 0.75) x 10737
3.5-4.0 3.75 (1.82 + 0,22) x 107%?
4,0-5,0 4.50 (2.77 £ 0,48) x 10733
5,0-6.0 5,50 (2,30 + 0,49) x 1073%"
/s = 62.4 GeV
3,1- 3.5 3.30 (7.65 + 0,94) x 10732
3.5- 4.0 3.75 (2.12 £ 0.26) x 10732
4.0~ 5.0 4.50 (3.79 = 0.48) x 10738
5.0- 7.0 6.00 (1.63 = 0,28) x 107%*
7.0- 8.0 7.50 (1.51 + 0.21) = 1073%°
8.0- 9.0 8,50 (4,54 + 0.73) x 1073¢
9,0-10.0 9.50 (1.18 = 0.29) x 1p73%¢
10.0-11.0 10,50 (3.51 % 1.43) x 107%7




Figure captions

Fig.

Fig.

Fig.

Apparatus arrangement for a) "retracted" and b) "normal” geometry.

Digamma invariant mass spectrum for a) "retracted" and b) "normal

geometyy.

n/7° cross—section ratio from "retracted” geometry for three different

values vVs.

n/T® cross-section ratio for all data combined as a function of Prs
at vs = 62.4 GeV, using 'retracted” geometry, 1 » vy data, up to
7 GeV/c, and unresolved (7% + ¥) cross-sections from the "normal”

geometry above 7 GeV/c.
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