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ABSTRACT
The cross-section for J/Y production in protoh—proton collisions has been
measured as a function of centre-of-mass energy at the CERN Intersecting Storage
Rings by observing its decay into electron-positron pairs. This cross-section is
found to riée by a factor of about six over the full centre-of-mass energy range
( from Vs = 23 to /s = 63 GeV. Electrons resulting from this decay were identified
by the use of liquid argon calorimeters and lithium foil transition radiators.
Measurements of the energies of the electrons were obtained from the liquid argon

calorimeters.
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We have measured the cross-section times branching ratio for the production
of the J/U and its decay into electron-positron pairs over the full range of centre-
of-mass enérgies available at the ISR and find that it rises by a factor of about
six between vs = 23 and Vs = 63 GeV.

The apparatus used is shown in Fig. 1. The J/y was observed by its decay

%)

into electron-positron pairs. The energies ' of the two electrons were measured

in the segmented lead-liquid argon calorimeters [1] which also provided discrimina-
tion against hadron background. Additional electron-hadron discrimination was ob-
tained by detecting, in xenon-filled proportioﬁal wire chambers [2], the tfansi—
tion radiation photons generated by the passage of the electrons through thiﬁ’

lithium foils. Cylindrical proportional wire chambers situated just outside the

ISR vacuum chambers were used in order to reject electron pairs originating from

photon conversions within the apparatus. Tonization-loss measurements made with

two planes of scintillation counter‘hodoscopes allowed the elimination of Dalitz
pairs, electron pairs originating from phoﬁon conversions ig fhe vacuum chamﬁer
wall, and slow, héavily ionizing particles. |

Two triggers were used concurrently‘to select events of interest. One, the
"high-high" trigger, reQuired that, in at least two of the four moduieS**) of the v
experiment, tHere appeared sufficiently energetic electromaghetic showers definedi
by simultaneous threshoids on the energy deposited in localized régions of the
first 3.5 and the next 3 radiation lengths of the lead plate-liquid argon ién |
chamber. .These thresholds were determined by the requirement that fhe trigger
rate be acceptably low énd, as a consequence, were such that the J/Y was not re-
corded with full efficiency. The other trigger, "double-correlation", had con-
siderébly lower energy thresholds but reéquired that a charged track was detected

in the scintillation counter hodoscopes and second xenon chamber in spatial

*) The energy scale is calibrated such that the masses of the 7°, n, and J/¥
are consistent with their accepted values.,

**) At times some modules were not active. Subsequent calculations of geometric
efficiencies have taken this into account.
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coincidence with the electromagnetic shower in the calorimeter. For the data
reported herein these geometrical constraints were, however, such that again the
J/Y events were not recorded with maximum efficiency. The causes of the ineffi~
ciencies were quite different for the two triggers, but since the trigger condi-
tions were recorded it was known for each event which trigger condition had been
satisfied. Hence it was possible to use each trigger to determine the efficiency

of the other. The combined trigger efficiency was about 50% at the J/Y mass

3¢

rising to 907 at high masses.

The segmentation of the liquid argon detectors into 20 mm wide strips running
in three different directions allowed an unambiguous reconstruction of showers

to be made. Four additional space ﬁoints were measured for each charged track,

two in the cylindrical proportional chambers and two in the xenon ghambers. All -

of these used charge-division read-out to give the coordinate in the direction
parallel to the béams.
| Background. to the true two-electron sigﬁal arises from hadrons interacting

in the calorimeter, hadron tracks overlapping in the calorimeter with the electro-

magnetic showers of photons, and electrons originating from low-mass electron pairs.

The trigger requirements and the calorimeter shower reconstruction procedu:e re-

quired that the longitudinal and radial distributions of deposited energy were

characteristic of an electromagnetic shower and thus substantially reduced these.
backgrounds. In addition, the following requirements were - imposed before_é track
was accepted as being an electron:

a) thét the pulse height measured in the scintillator hodoscopes was less than
1.6 times that of a minimum ionizing particle;

b) that the transition radiation signal observed in the xenon chambers exceeded
a threshold value (which was chosen such as to have an acceptance for electrons
independent of their energy);

c¢) that, when associated with an electron candidate, no other shower gave an
effective mass consistent with that of the 7%, and

d) that the electromagnetic shower lay in a certain, slightly restricted,

fiducial volume of the calorimeter.
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The selection of these requirements for Background rejection was guided by ex-
posures of a complete detector module to test beams of known particles, which also
élloweq the electron detection efficiency to be determined. It was subsequently
found that when any one of the above requirements was released the J/Y signal could
still be observed.and thereby it was possible to estimate the efficiency of each

one using the actual data sample. The results of these two estimations were in

it
[

oss of real events was caused by the re-

satisfactory agreement. The greates
striction on the scintillation counter pulse height but it was the most essential
for eliminating background. | '

The efficiency of our reconstruction procedure was determined from a study
of cosmic-ray muons and from inspection of event displays.

Figure 2a shows the distribution of the effective masses of pairs of electron

candidates without the application of any of the above requirements (a, b, c, d).

There is no sign of a J/y peak. Figures 2b to 2f show the mass distributions after

‘these requirements have been made, for the total sample and for the samples at

each centre-of-mass energy. There are clear J/{ peaks with relatively little back-

ground. Two methods were employed to study the background. One method was based

oﬁ‘the‘assumption that, with the above cuts, the single electron candidates were
almost entirely composed of background (which we found to be true by comparison
with the known single electron rates). Pairs of unrelated single electrons were
combined to give absimulated electron pair mass spectrum. The other methoa was
to use the shape of the distribution shown in Fig. 2a and to normalize it to. the
low mass region of the final mass spectrum shown in Fig. 2b. The results of these
calculations agreed to within 207 implying that the background arises predominantly
from uncorrelated pairs of misidentified particles. The second method was used
for the background subtraction for the J/y cross-section.

The geometric and trigger acceptance of the apparatus fof the J/¢ as a func-
tion of transverse momentum, Prs and rapidity, y, was evaluated by means of a
Monte Carlo program, assuming an isotropic decay. Comparing the distribution of

observed events with the results of this calculation we find that the y-distribution
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is consistent with a constant value in the range -0.65 < y < +0.65. Then, assuming
this distribution to be flat, the acceptance was integrated over y and used to
correct the data as a function of Pre It was found that (pT) = 0.94 + 0.18 GeV/c

and that the data could be described by the form:

49 o oPPT | | (1)
with b = 2.1 * 0.4,

The final acceptance calculation was performed using this distributionvand
the result is shown in Fig. 2g as a function of electron pair effective mass.
The numbers of events between 2.75 and 3.45 GeV/c? were taken as the raw J/y sig-
nals and are given in Table 1, together with the integrated luminosities and
cross—sections derived after background subtraction*). In a&dition to the statis—
tical error, which is sufficient for comparing the cross—sections at the different
centre~of-mass energies -- because the over—all efficiency should be substantially
independent of /s —- there is a scale error of a factor of about two which should
be borne in mind when comparing these results with those of other experiments.

Figure 3 shows our results with the statistical errors only (the scale error
being shown on the figure) together with a compilation of previous results [3].
The over-all agreement, in particular with thé rather well determined values at
Fermilab energies, is satisfactory. This newly demonstrated rise of the J/y pro-
duction cross-section, which amounts to a factor of 5.41t:'2 over the range>of Vs
covered by our experiment, agtees with the predictions of various theoretical
models, in particular with that of the quérk—antiquark fusion model of Donnachie

and Landshoff [4], and in this framework provides a useful check of the quark dis-

tribution within the proton.

*) If a value of b = 1.6 is used for the P distribution assumed [Eq. (1)], then
all cross-sections are increased by 127,
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Table 1

Numbers of events, integrated luminosities and J/y cross-section

divided according to Vs

/s L Number B x do Statistical | Absolute

of events dy y=0 error error
(GeV) | (10%% cm™2) (10732 cm?) | (107°% cm?) | (107%% cm?)
23 0.8 6 5.9 +2 *3.9
31 1.4 13 8.4 +2.3 +5.0
53 2.1 42 16.6 +2.6 9.2
63 0.4 15 31.9 +8.2 +18.8
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Figure captions

Fig. 1

Fig., 2

Fig. 3

.
.

Vertical section of the apparatus transverse to the proton beams.
Distribution of effective masses of double electron candidates:
a) All.

b) After applying the requirements described in the text, then
c) to f) separated according to vs.

g) Relative efficiency of the apparatus as a function of m,e
B(J/y » e*e™) x (do/dy|y=0) as a function of Vs compared with the

results compiled in Ref. 3.
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