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"OBSERVATION OF THE RARE DECAY MODE OF THE ¢ MESON: ¢ e'e

INTRODUCTION AND PRINCIPLE OF THE METHOD

We report here the results of an experiment designed to detect the decay
mode: ‘

o> e +e . (1)

The ¢ mesons were produced, at 1.93 GeV/c incident pion momentum in the
reaction:
T+ p>n+ V ’ (2)
+
e + e
where V° stands for any neutral state.

The mass of the neutral state V° was determined to *15 MeV by simul-

taneous measurements of the velocity and direction of the neutron.

The decay of the neutral state V° into an electron-positron pair was
jdentified by means of two large electron detectors, similar to those origi-
nally designed by us’ in order to achieve a high rejection power against
pions. The knowledge of the e+e- energies and of their opening angle allowed
a second determination of the V° mass, and an increase in the rejection
against spurious events, The weighted mean of the two mass values was used
in the analysis.

EXPERIMENTAL SET-UP

Figure 1 shows a sketch of the experimental set-up, consisting of a beam
telescope, a liquid hydrogen target, two electron detectors, and two neutron
counters. The electron detectors "TOP" and "BOTTOM" were placed at 36° above
and below the beam line, respectively. The neutron counters "RIGHT" and “"LEFT"
were set at an angle of 26° to the right and totheleft of the beam.

The electron detectors were mounted on a turn-table and the neutron

counters on rails for easy displacement into the direct beam for calibration.

2.1 The beam telescope

The beam was defined by counters U, S, and R. U gave the zero time refer-
ence for the neutron time-of-flight, and was designed to handle high rateswith-
out loss of precision in the time measurements. & was a threshold gas Cerenkov
counter used to select pions or electrons for calibration purposes, and to re-
ject electrons during the data-taking. G vetoed non-interacting particles of
the beam.
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The liquid-hydrogen target was 40 cm long and 5 cm diameter, mounted at
the centre of the turn~table which supported the two electron detectors.

2.2 The electron detectors

The electron detectors were identical, and therefore we will describe
only one of them: TOP.

This detector consisted of:

i) a counter MT to require incident charged particles and exclude high
multiplicity: +the efficiency was 92% for single particles, and negli-
gible for three or more particles. This counter was made of three seg-
ments MT1 N MTZ’ and MTB’ their signals being added linearly for pulse-
height selection.

ii) Two six-gap thin-plate spark chambers,KI., placed after MT to record
the incident particle direction and allow geometrical reconstruction

with an accuracy of 1° in the electron direction.

iii) An electromagnetic shower detector with a powerful discrimination against
pions. It consisted of a nine-layer sandwich of lead plates, optical
spark chambers, and scintillators. The first lead plate of the sand-
wich was two radiation lengths thick in order to have a high probability
of starting a shower, thus giving a high pulse-height in the first
scintillator T1. The other eight lead plates were each one radiation-
length thick. The selection of electrons was made by simultaneous pulse-
height discrimination on T1 and on the sum Z:T of the pulses from all nine

» scintillators. The best compromise between high pion rejection and high
electron efficiency was obtained with the discrimination level on T 1 set
at 1.7 times the mean pulse-height of minimum ionizing particles, and
that on S set equal to the mean pulse-height expected for a 150 MeV
electron. Under these conditions, the electronic efficiency for electron
detection was 80% at 450 MeV/c and 9u% at 1050 MeV/c. The corresponding

pion re jection factors were 0,05 and 0.15.

A further rejection was achieved by spark counting and by a study of the
collinearity between the incoming track and the axis of the shower.

In order to evaluate the mean electronic efficiency and study edge effects,
the pulse-height distribution, electronic efficiency, and the number of sparks
in. the sandwich were measured for both pions and electrons as a function of

their energy and of their position in the detector.
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The over-all (electronic - visual) rejection against pions was 9x 107
at 450 MeV/c and 6x 10~ at 1050 MeV/c, whilst the efficiencies for electron
detection were 72% and 85%, respectively. Thus for coincidences between the
two electron detectors, this gives an over-all rejection against hadronic

decay modes of 5x 10 .

2.3 The neutron detectors

Each neutron detector was constructed of two stacks of plastic scintil-
lators placed one behind the other; each stack consisted of six counters,
18 x 18x 100 cm®, with the long edge horizontal and orthogonal to the incident

neutron direction.

Charged particles incident on the neutron detector were vetoed by the
plastic scintillation counters G.

The time-of-flight and position measurements in a given counter were made
using XP-1CLC photomultipliers coupled to the two 18x 18 em’ faces. The dynode
signals entered discriminators set to accept recoil proton energies greater
than 18 MeV, and the outputs were used to gate the shaped anode signals which
carried the timing information. The anode signals were shaped by discriminators
set at a level 25% of the minimum pulse-height selected at the dynodes.

All the pulse heights of the neutron counters were equaliéed in the direct
pion beam, Moreover, the counters were equalized in time to *0.,2 nsec, and
were scanned across the beam to determine the calibration for the position
measurement of the neutron. TPhe calibration of the time-of-flight measurements

was made using a calibrated delay box.

The uncertainty in locating the neutron interaction point in the detector
was *0,35° in polar angle and *3° in azimuthal angle . The electronic un=-
certainty in the time-of-flight was *0.35 nsec. The mass resolution averaged

over the experimental acceptance and including all uncertainties was *15 MeV,

ELECTRONIC LOGIC (Fig. 2)

The incident beam was monitored by the coincidence USR, whilst the coinci-
dence USRCQ = BEAM recorded pions interacting in the target. A coincidence be-
tween BEAM and the first two counters T1 and B1 of the electron detectors pro-
vided a low rate signal which was used to gate the fast timing signal from counter
U, This gated signal, called , was used as the start-pulse in two time-to-

analogue converiers.

Ufime

*) The azimuthal uncertainty is due to the vertical dimension of each neutron
counter.
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Since all the neutron counters were set at the same angle, the timing
signals from corresponding ends of the detectors could be mixed without loss
of information on the neutron velocity or scattering angle. These mixed sig-
nals are labelled 'side 1' and 'side 2' in Fig. 2, (cf. Fig. 1), and were used
as the stop signals to give the neutron times-of-flight t4 and t2 observed by
the photomultipliers at side 1 and side 2 of the neutron counters. Théy were
also used to produce a third analogue signal proportional to the position Pﬁ
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be caleculated.

The signals P19 and % were then used in a fast matrix coincidence logic
to define time=-of-flight and angular limits for the neutron, so as to exclude
high background regions in the -ty scatter diagram (Fig. 3). An accepted
neutron was denoted by the signal MASS,

The electronics of the two electron detectors were similar, so again we
E describe only TOP: a coincidence, called €ps between T1, MT’ ET’ and
BEAM indicated that a single charged particle had generated a shower in the
first layer of the detector. Furthermore, signals ET and the corresponding ZB
for BOTTOM were added to give ZZ, proportional to the total energy of the two
eleectrons, In the trigger, X was required to be greater than the mean pulse-

height expected for 750 MeV electromagnetic energy release.

Coincidence conditions (M,I.1 , MB1) and(MT3, MBB)vetoed the LEFT and the RIGHT
neutron detector, respectively, since such coincidences corresponded to events
with both neutron and electron pair emitted on the same side of the beam.

The solid angle not occupied by the electron detectors was covered by veto
counters, in order to exclude as far as possible all except two-body decays of

the resonance.

To summarize, the coincidence between the signals MASS, s ©ps and 2Z
corresponded to an incident pion interaction which gave:

i) a neutron with very roughly selected kinematics;
ii) a low multiplicity event;
~iii) a shower with greater than 150 MeV energy, starting early in each of
the electron detectors;
iv) a total electromagnetic energy release greater than 750 MeV,.

The FINAL coincidence triggered the spark chambers, and transferred the en-
coded signals 1, te, P, MT, MB’ Zms Zps %3Z,and the neutron counter pattern to

magnetic tape.
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BACKGROUND

The first source of background is the random superposition of a charged par-
ticle and a y-ray shower so as to simulate an electron. This effect is esti=-
mated by measuring the distribution of the distances between the charged pion and
the ¥ ray, when they are resolved, and then extrapolating to di;tances too small
to be resolved. This background was found to be negligible.

The second source of background is the simulation of electrons by y rays which
convert in the walls of the target or in the M counters, the subsequent pairs not
being resolved in the K chambers. Figure 4 shows how we can evaluate this back-
ground. Here,all events which appear to have an electron in one electron detector
have been included. The second electron detector may then contain either an elec-
tron or a converted ¥ ray, which is identified by the distance between the pair in
the K chamber. The distribution of these distances is shown in Fige. 4. The true
events are then observed as a peak at zero distance superimposed on a 25% background

of unresolved pairs.

RESULTS AND DISCUSSION

Figure 5 shows the mass distribution of the events contained in the zero dis-
tance peak of Fig. 4. Clearly, the background is very low and we estimate it to be
one~tenth of the ¢ peak, Thus the number of observed ¢ - e'e” events is 9+t 3 A

picture of the first event found is shown in Fig. 6.

On the basis of these data, the decay of the ¢ meson into an electron-positron

pair is clearly established.

+ -
To the lowest order in a (the fine structure constant), the decay ¢ » e e is
mediated by a single photon and, therefore, our experimental result is a direct
proof that the ¢=quantum numbers are: JP c =1 . Further, it shows that

)

*
the ¢ meson cannot be a pure SU(3) singlet /.

The absolute value of the cross-section for the production of ¢ mesons

which decay into an electron-positron pair, is found to be

o +po>n+o ) = (184 + 6.9) x 107> e . (3)

4 o=
e e

*) This conclusion is based on the assumption, so far accepted as being valid,
that the electromagnetic current is a pure SU(3) octet, i.e. without singlet
term.







-6 -

0 is calculated from the rate of observed events in our solid angle using

the known efficiencies of the counters, the known production angular dis-
tributionz) of the ¢, and using zero polarization*) of the ¢ mesons. Radia-
tive corrections for reaction (3) have been estimated ’/ and found to be negli-

gible (not more than a few per cent).

Using the total cross-section for ¢ production in ﬂ-p interactions at the
L)
same primary pion momentumz ):

o@  +p->n+ o) = (30t 6)u

we get the following value for the branching ratio:

(o » e+e-)_ _ -
Ir((p > ‘bota.l) - (6.1 + 2.6) X 10 . (4)

Using the total ¢ widths): T(p » total) = (3.4 * 0.8) MeV, it is possible
by means of Eqe (4), to derive the partial ¢ width: '

T(p » e e ) = (2.1 £ 0.9) keV . (5)

Theoretical predictions for this width have been obtained using different
modelsé-w), including the quark model” ); a comparison with the experimental
result [Eq. (5)] is shown in Table 1. Notice that all these models assume

a large w—p mixing, and the range of predictions from 0.8 keV to 2.2 keV
should be considered as an estimate of the theoretical uncertainty due to the

various ways in which this large w-¢ mixing can be described.

*) The available data (Ref. 2) indicate that the ¢ has less than 20%
polarization in our energy region. We can check this result, because
we can calculate the angle ¢ between the electrons in the ¢ rest
system and the normal to the @-production plane. Our distribution
of ¢ gives the maximum likelihood of zero polarization, well con-
sistent with the above-mentioned data.

**) We have measured this cross-section at 2.1 GeV/c incident pion mo-
mentum, using only the neutron detector as neutral missing-mass
spectrometer and two plastic scintillators to select predominantly
the K*K~ decay mode of the ¢. Our value of 6(F=p »n¢)= 21 * 7 ub
agrees‘gery well with those obtained by Dahl et al2/, and by Boyd
et al.4/.
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Table 1

Theoretical predictions for r(p-»e*e"' Reference
keV

Quark model 140 11

Current mixing model 2.2

Mass mixing model - 1 17 }7 and 8

Mass mixing model = 2 162

DMO model 0.8 9

0S model 141 10

This experiment 2.1 £ 0.9
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Figure captions

Fig. 1

Fig. 2

Figo 3

Figo 4

Figo 5

Figo 6

Schematic diagram of the experimental set-up.

Simplified block diagram of the electronic logic. (No
details are shown of the M-counters, of the derivation
of the signals from the sides 1 and 2 of the neutron

detectors, nor of the veto-house logic.)

Kinematic curves in the @ = t; plane: the dashed area
represents the range accepted by the matrix "MASS"
coincidence. During the run, this region was slightly

modified to increase our efficiency.

Distribution of the distances between the two tracks of

a "converted y ray". The abscissa is the distance measured
on the scanning table. Distances in real space are 6.2 times
greater, The electron-positron events are similar to un-
resolved converted ¥ rayse The excess of events with zero
distance shows that the e+e- events are genuine and are not

due to materialized ¥ rayse.

The mass distribution for those events with zero opening
distance in Fig. 4. The mass used was the weighted mean

mentioned in Seotion 1.

Photograph of a typical event: the two orthogonal views
of each electron detector are shown. Notice that each
detector is divided by the optics into two parts: left
and right.
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