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ABSTRACT

In an experiment performed at the CERN Intersecting Storage. Rings (ISR),
11 ete” pairs of high invariant mass value (> 2.5 Gev/c?) have been observed.
Of these events, 9 can be interpreted as arising from the reaction p + p
=+ J(3.1) +‘anyfhing. The cross-section for this reaction is estimated and

compared with the result obtained at lower centre-of-mass énergies.
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In the course of an experiment to study high transverse momentum electrons
and hadrons at the CERN Intersecting Storage Rings (ISR), evidence has been found

for the process
+ - . ;
p+tp~+e + e + anything L (1)

occurring for high mass values (> 2.5 GeV/c?) of the ete” pairs.

The experimental apparatus, shown in Fig. 1, consisted of two spectrometer

arms located around 90° on opposite sides of an ISR intersection region.

Each spectrometer consisted of a system of wire spark chambers with magneto-
strictive read-out (labelled SC in Fig. 1), and a magnet with a bending power of
0.343 T°m, providing a momeﬂtum measurement with a standard deviation Ap/p =

e /(0.025)2 + (0.02p)2 (p in GeV/c).

Electron identificdtion was achieved by means of ﬁhxeshold gas Kerenkov
counters and electromagnetic shower detectors. Thére was one gerenkov counter in
each arm, located in the maghet gap and segmented into eight independent cells.
Counter C, belonging to Arm 1, was filled with isobutane (CyH;,o) at atmospheric
pressure. Counter C’', belonging to Arm 2, was filled with air at atmospheric
pressure. The corresponding pion momenta at threshold were 2.7 and 5.6 GeV/c,

respectively, or 3.1 and 4.9 GeV/c in the centre-of-mass system,

The electromagnetic'shower detector in Arm 1 consisted of a 3 radiation
length radiator made up of the lead plates of an optical spark chamber (not trig-
gered in this experiment), followed by a hodoscope of 2.5 radiation length thick
lead-séintillator sandwich counters (SA), with pulse- hexght measurement. The

mean pulse height of electrons in this counter was linearly .proportional to their

‘energy, having a value of five times the minimum ionization at a c.m.s. momentum

of 1 GeV/c. The energy resolution of the detectbr was AE/E = %307.

The electromagnetic shower detector in Arm 2 consisted of a 0.85 radiation
length thick iron plate, followed by a hodoscope of 16 scintillation counters (2),
and then by an array of 17 x 7 total absorpt1on lead-glass Yerenkov counters with
a thickness equivalent to 14.8 radlatlon lengths. The r.m.s. energy resolution of

these counters was measured to be AE/E = 0.017 + 0.064/VE (E in GeV).

Each arm also contained three scintillation counter hodoscopes- (Hi, Hz, Hj,
in Arm 1, and H{, HJ, H), in Arm 2). Hodoscopes H, and H| were equipped with
pulse-height measuring electronics. A more detailed descriptidn of the two spec-

...3)

. : 1
trometers and of their performance may be found elsewhere

The study of the productlon of high mass e e pairs proceeded simultaneously

with the search for single electrons previously reported ). Two indépendent trig-

gers were used, namely a single electron trigger in either of the two spectrometer
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arms with minimal or no triggering requirement from the other arm. For each trig-
ger, all the information from both arms was recorded on magnetic tape. Thé Arm 1

trigger consisted of a coincidence H;*Hz*H3+C*SA. For approximately half the gx;
periment, H{*Hi+H}, the scintillators in Arm 2, were also required. The Arm 2.

3)

trigger, which was alsu the triggef for the single electron search ’, required
H{-H4+1u4+C’' in coincidence with an energy deposition in the lead-glass array ex-
ceeding a given threshold. During the data taking, two nominal threshold values

were used, corresponding to about 1.0 and 1.2 GeV in the centre-of-mass system.

The two triggers used had slightly different properties, which complemented
each other. The Arm 2 trigger had the advantage of enabling the ete” pair
measurement to be normalized to the singfe electron dgta; but hadlthe disadvantage
of an energy threshold in the trigger. The Arm 1 trigger ﬁad no threshold bias
and thus had a wider mass acceptance than the Airm 2 trigger; but the poorer reso-
lution of the electromagnetic shower détector in Arm 1 gave less of a constraint

in separating electrons from pions.

In the off-line analysis, those events were selected in which two, or more,
charged particles were present, originating from a common vertex and traversing
the two spectrometer arms, at least one in each arm. Charged particle tracks were

required to set the bits of all scintillation counters through which their trajec-

" tories passed, consistent with the triggering conditions.

The main sources of background which could simulate electrons in either arm
were: 1) photons from n° decay, converting in the walls of the ISR vacuum cham-
ber or, the H; or H{ hodoscopes; 1ii) n® Dalitz decays; and iii) charged hadrons

satisfying'the electromagnetic shower requirements described below, in association

-with a signal from the appropriate C or ¢’ counter cell. - s

In order to select electron-pair events, various cuts were applied: 1) both
tracks had to“set the bits corresponding to the appropriate C and ¢’ counter cells
traversed; 1ii) the pulse heights in the H; and H{ hodoscopes had to be between
0.5 and 1.5 times minimum ionization, corresponding to a single particle (this
greatly suppfessed those electrons due to photon conversions and Dalitz decays);
iii) both tracks had to have sparks in the spark chambers located between the ISR
vacuum chamber and hodoscopes H, and Hj (this requirement eliminated electrons due
to photon conversions in H, and H{); 1iv) the track in Arm 1 had to give a pulse '
in the approprlate SA counter, corresponding to at least two times minimum ioni-
zation; and v) the track in Arm 2 had to deposit in the lead glass array a total

energy equal, within #30%, to its momentum, as determined using the magnet.
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In order to achieve constant electron detection efficiencies, the centre-of-
mass momenta in Arm 1 and Arm 2 were trequired to be larger than a certain value,
which depended on the trigger. The net effect of all these cuts produced detgction

" efficiencies for electrons within the geometrical aperturés of ‘Arm 1 and Arm 2 of
84 * 47 and 45 * 5%, respectively; and thé corresponding hadron rejections obtained
were > 3 x 10° and 2.0 x 10*. The values of the angular apertures and momentum

cuts used are given in Table 1.

Data were taken at four values of the total centre-of-mass enefgy,'/; = 30.6,
44.8, 52.7, and 62.4 GeV. For an integrated luminosity of 1.79 x 10%8 cm-z, distri-
buted among the four /s values in the proportion of 16%, 27%, 50% and 7% respec-
tively, a total of 11 electron-pair events were found. It is important to note
that in all of thése events the two electrons had opp&siteAcharges. No e+e+ or

e e pairs were found.

Thfee tyﬁes of background events could contribute to the 11 e+e- pairs observed
in the experiment: a single electron candidate in Arm 2 in combination with either
i) a charged hadron or ii) a Dalitz decay or photon conversion in Arm 1, which are
mis-identified as electrons, and iii) a real single electron in Arm 1 in combination

with an Arm 2 single .electron candidate which is not a real electron.

All three types of background can be dirgctly determined by using the Arm 2
trigger., For the integrated luminosity given above, a total of 3190 single elec-
tron candidates were detected, which satisfied the Arm 2 trigger and cuts. In 22
pf these events, a charged particle having a c.m.s. momentum above 1 GeV/c was also
detected in Arm 1. These 22 particles were identified as 13 charged hadrons (no C
signal, SA ignored), and § electrons*). It is known]’z) that the charged hadron re-
jection in Am 1 is > 3 x 10, and the rejection against Dalitz decays and photon
conversions is 4.5 x 10%, normalized to charged hadrons. Thus the contributions
from backgrounds (i) and (ii) turn out to be < 4.3 x 10_3 and 0.3 x 10—3 events,

Ny

respectively, It is also known from our single electron search’ that the single

electron candidates satisfying the Arm 2 trigger and cuts consist of 537 directly
produced electrons, 377 mis-identified charged hadrons**), and 107 electrons from
photon conversions and Dalitz decays. For Arm 1, it is assumed that the natural
particle compositioﬁ [é/n ratiog_s) = 1,2 X 10—"] would be observed, if it were
not for the Arm 2 trigger. Thus, the contribution from background (iii) becomes
0.7 x 10.;3 events, resulting in an over-all background contribution of

| . -
(6.5 t 2.0) x 10 events to the 11 ete pairs observed in this experiment. It

*) These 9 events, together with 2 other events obtained only with the Arm 1 trig-
ger, comprise the 11 e’ e” pairs observed in this experiment.

*%) The C' pulse-height cut used in Ref. 3 is not applied here, resulting in a
higher hadron contamination.
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‘must be stressed that all types of background would generate an equal number of
same-charge and opposite-charge events,; while the observed pairs all have opposite
charges. It can thus be concluded that the 11 efe_ pairs are genuine and corfespond

to the occurrence of reaction (1).’

~ The invariant mass of each pair was calculated using the momenta of the par-
ticles as measured in the magnetic spectrometers. The distribution of invariant
masses of the 11 events is shown in Fig. 2 'and the events are listed‘in Table 2.
The e'e” invariant mass resolution was determined from the known measuring errors
on momenta. The resolution function. was found to be Caussian with a standard de-

. viation of 3.5% over the mass interval from 2.5 to 4.0 GeV/ce?,

The geometrical acceptance of the apparatus for reaction (1) as a function

+ - . . .- . . .
of M(e e ) was estimated by a Monte Carlo calculation. A distribution of the form

E o % e-bp;‘ (2)

dp? 2ﬂp§dp%dy
was assumed for reaction (1), where p; is the transverse momentum and y the rapi-
dity of the ete” pair in the centre-of-mass system. The flat rapidity distribution
of Eq. (2), within the acceptance of the apparatus, is suggested by the data (Fig. 3).
The value of the geometrical acceptance depends strongly on (p;) = 2/b because
events with 1arge p; become non-collinear in azimuth and miss the detector. It was
determined from the observed events that (p%) 2 0.67 GeV/c to 857 confidence, so
that the value b = 3 Gevfl was used to compute the acceptance. Finally the decay

)l

. . . . . . g .k
angular distribution was taken to be isotropic in the rest system of the pair

The shépe of thg apparaths acceptance versus M(e+e_) is shown in Fig. 2 for
.both the Arm 1 and Arﬁ 2 triggers. The Arm 2 trigger was active'for the full lumi-
nosity of the experiment and the Arm 1 trigger for 90Z of the luminosity. Hence,
the absence of events observed between 2,20 and 2.90 Gev/pz strongly suggests that
the nine events clustered around M(e+é—) = 3.1 GeV/cz'in.Fig. 2 result from the
reactigh A . .

p+p—>J(@3.1) +'§nything, ' 3)
L et + é-

where J(3.1) is the narrow'particle recently discovered at BNLe)and SPEAR7).
" These nine events have a‘mean mass of 3.075 * 0.037 GeV/c? and a standard devia-
_tion of 0.11 GeV/c?. No firm conclusion can be reached on the origin of the two
‘events at higher invariant mass values, although they are consistent, within the

)

. . + - . 8
mass resolution, with the e e decay of the y(3.7) particle 7,

2 2

*). Decay argular distributions of the form sin? 6 or 1 + cos? 8 would change the

acceptance by a factor of 1,13 and 0.93, respectively.
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Using the acceptance calculations discussed above, it is possible to obtain
an estimate of the cross~section for reaction (3) at ISR energies. In this experi-
ment, reaction (3) is only observed in the J rapidity interval between -0.32 and
+0.32. The cross-section result is expressed in the form
33 2

do A -~
(p+ p~>J+ anything) ="(7.5 + 2.5) x 10 cm

X ——
ee dy|y=0

averaged over this interval, where Bee is the branching ratio for the decay mode .
+ - .

J(3.1) » e e . It should be noted that a change from (p;) = 0.67 to higher values

in the acceptance calculation would cause the above cross-section to increase.

(See Table 3).

The value of the cross-section for reaction (3) at ISR energies is two orders
S . . . 6 )
of magnitude higher than the corresponding value quoted at BNL energies ). A com-
parison with the Fermilabg) measurement is more difficult since the experiments are

done in disjoint regions of rapidity.

The Fermilab results were converted to differential cross-sections in their
variable*) X by using their quoted x dependence, exp(-10 x). The cross-sections
were then transformed to be differential in rapidity y, by using the Jacobian
do/dy % x do/dx. As shown in Figure 4, the two experiments are in good agreement.
Also note that the p% distribution quoted at Fermilab corresponds to (p§)1= 6.707.
If the rapidity distribution of Fig. 4 is taken seriously, then the differential -
cross-section4Bee X dO/dy|y=d given above can be converted into the total cross-

for reaction’ by multiplying by a factor of 1.6.

section, B x g
- * Tee tot’

An interesting question is whether reaction (3) is sufficient to account for
3,5,10). The answer is most
simply obtained by using the acceptance calculation discussed above, to predict
absolutely the single eleétron transverse'mdmentum distribution and the ratio of
electron pairs to single electrons to be observed in.this experiment (Arm 2 trigger),
if all the-single electrons were due to reaction (3). An additional assumption

used is that Eq. (2) is flat in rapidity for |y| < 0.8. The result is a predicted
pairs-to-singles Catio of 5.37 for (p%) = 0-67, and 3.17 for (p;) = 1.0 GeV/c.

The observed ratio is (0.53 * 0.17)7, which shows that there are roughly five to

ten times more single elecﬁrons observed than can be explained by reaction (3).

For larger values of (P}), the predicted pairs-to-singles.ratios are in closer
agreement with ‘the observed value, but the transverse momentum distributions of the

. . . . i-5.10 . L.
single leptons are in disagreement with those observed 0 (Fig. 5). The origin

of the single leptons is still an open question.

*) Note that this is not the Feynman x but is the ratio of the outgoing momentum
of the J(3.1) to the momentum of the incident neutron, in the laboratory system.
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Table 1

Angular apertures and kinematic cuts for the two spectrometers
in the centre-of-mass system for the two triggers

. Spectro- k- * * *
Trlgger meter arm 0 ¢ a0 pr cut
(degrees) (degrees) (st) | (GeV/c)
1 90 ¢ 13.3 0+ 4.7 0.075| 2 1.0

Arm 1
2 90 + 22.5 180 + 7.2 0.192| 2 1.0
1 90 * 13.3 0* 4.9 0.078| 2 1.0
“Arm 2 .
2 90 + 22.5 180 + 7.2 - 0.192 21
‘Table 2

. . ' . + -
Kinematical parameters for the observed e e pairs

/s M(ete™) Pr y
(Gev) (Gev/c?) (GeV/c)
44.8 2.93 " 0.88 -0.165
52.7 2.99 0.78 -0.033
52.7 3.00 0.20 0.239
44.8 3.02 0.33 0.191
44.8 3.07 0.72 -0.007
52.7 3.07 0.30 ©0.157
30.5 3.12 0.32 0.318
44.8 3.18 0.33 0.095
52.7 3.29 1.43 -0.001
52,7 3.46 1.18 0.193
' 52.7 3.79 0.36 0.121




"Table 3

Differential cross-section for the reaction

+
e + e

p+p~J(3.1) + anything

for various values of assumed (p%)J

+ anything)

(p¥)J Bee X %% (p+p~>d

(GeV/c) ' (cm?)

- 0.67 (7.5 £ 2.5) x 107 .
1.0 (1.2 £ 0.4) x 1077
1.5 (2.1 £ 0.7) x 107"
2.0 (3.2 £1.1) x 1072
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Figure captions

Fig. 1 : Plan view of the apparatus.

. . . . . . : + - '

Fig. 2 : Invariant mass distribution for the observed e e pairs. .The curves

’ . . + -
represent the shapes of the acceptance, as a function of the e e .

invariani mass value, for the Arm 1 and Armm 2 triggers, respectively.

. Vs T + -
Fig. 3 : Rapidity distribution for -the observed e e pairs. The curve repre-
sents the shape of the apparatus acceptance, which is the same for

. both triggers.
Fig. 4 Differential cross-sections versus rapidity for the production of J(3.1)

in nucleon-nucleon collisions. The results of reference 9 have been

.transformed as explained in the text.

'Fig. 5 Absolute prediction of single electron spéctrum from reaction (3)

using the cross-sections given in Table 3. The data is from Ref. 4.
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