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1, INTRODUCTION

We have recently reported1) on the (e+e-) decay mode of the ¢ meson,
obéerved using a system which consisted essentially of two large electron
detectors and two large neutron detectors. Using the same experimental set-
up but changing the incident pion momentum to 1,67 GeV/c, and the angle of

both the neutron and electron detectors, the production reaction:
7 +p->n+V° (1)
etre”
was studied in the invariant mass region of the V° around the ®w mass value,
The principle of the method was, as before:

i) to determine the mass of the neutral state V° to *10 MeV by simultaneous

measurements of the velocity and direction of the neutron;

ii) to identify the decay of the neutral state V° into an electron-positron
pair by means of two large electron detectors which allowed, to
*35 MeV, a second determination of the V® mass through the measurement

of the e+e- opening angle and of their energies,

+ -
This paper contains the results obtained on the decay mode w » e -+ €

and on the direct determination of the w-¢ mixing angle,

2, EXPERIMENTAL SET-UP

The experimental set-up is sketched in Fig, 1, The details concerning
the beam telescope, the electron and neutron detectors, and the electronic

)

logic have already been given in our cp—paper1 .

For the w-run, the two electron detectors were placed at 32° above .
and below the beam line, The two neutron detectors were set at an angle

of 38° to the right and to the left of the beam line,

Figure 2 shows the acceptance of our apparatus in the plane ©-t4,
.where-© is the laboratory angle of the neutron from reaction (1), -and t4

is a quantity strictly related to its time-of-flight.
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BACKGROUND

There were two sources of background and these have been analysed in

)

1
a way similar to that used for the ¢-run .

The first, the background due to the random superposition of a charged

pion and a y ray, was found to be negligible,

The second source of background was the simulation of electrons by
v rays which converted in the walls of the target or in the M counters,
and gave rise to (e+e—) pairs which were not resolved in the thin-plate
chambers K. Figure 3 shows how we can evaluate this background. In this
graph, all events which appear to have an electron in one electron detector,
and either an electron or a converted y ray in the other detector have
been included. In this detector, the event is characterized by the dis-
tance between the two tracks of the (e+e—) pair in the K chambers., The
distribution of these distances is shown in Fig. 3. The genuine events
are then observed as a peak at zero distance superimposed on a ~7% back-

ground of unresolved pairs.

RESULTS AND DISCUSSION

The mass distribution of the events contained in the zero distance peak
of Fig. 3 is given in Fig, 4 which shows the w peak superimposed on the
p peak. The first conclusion we can draw from Fig, 4 is that the decay of

the w meson into (e+e-) pairs is clearly established.

To the lowest order in a (the fine structure constant), the decay
+ -, . .
w->e + e is mediated by a single photon, and therefore our experimental

resuit is a direct proof of the fact that the w quantum numbers are:
PC -

" J =1 . Moreover, the observation of the decay w - e+éi”is a direct

proof that the w meson cannot be a pure SU(3) singlet if we accept the

general belief that the electromagnetic current is a pure SU(3) octet.

In order to derive other consequences from our experimental result we
need to know the number of events attributable to w decay into e+e-. This
number depends on the contribution of interference between p and w. The

)

. . 3) .
absorption ) in order to estimate the amount of w-p interference, Full con-

. . 2 :
available experimental data have been fitted with a peripheral model with

structive or destructive interference would change the observed number of
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w > ete” by +35% or =35%, respectively ). Since existing strong interaction
data are consistent with no w-p interference, we will start by quoting our
data for the case of.nn.ihterference, and then quote the effect of com-

plete dgstructiﬁe or constructive interference on the mixing angle.

The réiative contributions of w and p to the mass distribution have
been deterﬁined'by the maximum likelihood method, using the'eXpéctedAshapes
of the p and w mass distributions. The latter were calculated using the
known production angular diétributions, density matrices and natural widths
of the resonances, and folding in the experimental acceptance and resolution,

The fitted p background is shown as the dashed curve in Fig. 4.

Eleven w events were found, corresponding to a cross~-section:

- 33
ol +p->n+w) =(67=*25)x10 cm® . (2)
ete
. : . ;)

Radiative corrections for reaction (1) have been estimated “and found
to be negligible (not more than a few per cent)., Using the cross-section
for w production in 7 p interactions at the same primary pion momentum ):

(7 +p->n+w) = (1.67%0,07) x 10727 cm® (3)
*).

we get the foliowing vaiue for the branching ratio

™Mo > e +¢e7)
P(w -» total)

= (4.0 + 1,5) x 107 ' (4)

Using the total w width ), Mw ~» total) (12.2 * 1.3) MeV, it is
possible by means of Eq. (4) to derive the partial w width:

Mo >e" +¢) = (0,49 £ 0.19) keVe  (5)

" The observation of the decay mode @ - e’ + e with the rate (5) is

‘strong eV1dence against the vaiidity of the A~quantum number conservation .

If we combine result (5) W1th that recently obtained by us 1) for the
¢ decay:

I‘(QP ->Ve+ + e—) = (2.‘] + 0.9) keV s : ) (6)

we obtain a direct determination of the W mixing'angle.

*) N,B. ‘The value'reborted in the Rosenfeld et al. tabless) is derived

from the p branching ratio plus SU(3), rather than from a direct
observation of w -~ ete-.
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This mixing 7-9) can be described in terms of two different models:
. . 10-12)
i) the "mass-mixing" model and
11,12)

ii) the "currenl mixing" model
As emphasized by Kroll, Lee and Zumino’z), in the latter model two angles
@Y and @N are needed in order to describe the mixing, but a relation exists

between -these angles:
m tan @Y m tan 8 : (7)

so it is convenient to describe the mixing in terms of O, the generalized.

mixing angle:

m, m, m T(w > ete”)
tan 6 = — tan 8y = 5 tan By = mI(g > cFe) * (8)
% w , ¢
: 13) 14
Recently, Das, Mathur and Okubo ~°, and Oakes and Sakurai °, on the

5)

basis of the first Weinberg sum rule’ , derived a relation between the

decay widths of all vector mesons,

+ - + - + - '
1/3 mpr(p >ee )= mwr(w >ee ) + m@P(@ ~e'e ) (9)

as well as relation 7.

Finally, the quérk model of Van Royen and Weisskopfis) predicts the
partial widths for p, w and ¢ decay to efef, which satisfy equation (9).
On the other hand, the quark model requires @Y @ and is therefore in

conflict with the other part of the generaiized flrst Weinberg sum rule,
Eq. (7).

A comparison of our results with all theoretical predictions is shown

in Fig, 5.

In this graph the'consistency region corresponding to the generalized
first Weinberg sum ru1e1°-12)
The data used were I'(p » total) = (105 * 21)MeV ) = (754 = 9)MeV
‘and T(p > e¥e”)/T(p » total) = (5 * 2) x 107°

is given by the circle and its error band,
17)

*) Thls is the value we obtain for the branchlng ratio, by combining the
results of Novosibirsk!7?) and Orsay! &) experiments.
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*).

The generaliied mixing angie © is found to be
’ o
| et
le] = <L3_5> (10)

It should be emphasized that this result is obtained on the basis of

3

no w-p interference. Using the phenomenological model of wep interference )
mentioned above, the result (10) would change into |@] = 26° for construc-

tive interference and |@] = 20° for destructive interference.

In conclusion, the results reported in this paper show that:

7-14,16) . .
216) is confirmed

i) the general idea of w-¢ mixing
ii) the generalized first Weinberg sum ru1e13-15) works within the 30%
over-all experimental uncertainties;
iii) there is no evidence for a coupling of the electromagnetic field to
an SU(3) singlet;

iv) the A-quantum ﬁumber6 is not a good quantum number.
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Figure captions

Fige 1

Fige 2

Fig. 3

Fig, 4

Fig. 5

Schematic diagram of the experimental set-up.,

Kinematic curves in the ty - © plane. The curves are labelled
with the missing mass, t4 is the neutron time-of-flight measured
using side 1 of the neutron counters,

©® is the lab., angle of the neutron emitted in reaction (1.

The dashed area represents the acceptance of our apparatus,

Distribution of the distances in space between the two tracks

of a "converted y ray", Electron-positron events may be simu-
lated by unresolved converted Yy rays. The excess of events with
zero distance shows that the e+e_ events are genuine and are not

due to materialized ¥ rays.

The mass distribution for the events with zero opening distance
in Fig. 3. The shape of the p distribution is determined by

its natural width, the known production cross-section and density
matrix, and the experimental acceptance and resolution. The
dashed curves are the result of a maximum likelihood fit to the

experimental data.

Experimental results compared with theoretical predictions. The
heavy circle indicates the relation existing between the (e+e—)
decay widths of the three vector mesons, p, w, ¢, on the basis of
the generalized tirst Weinberg sum rule (Eq. 9). The dotted
circies indicate the error ilimits due to the uncertainty in

(p ~» e+ea) and mp. The tWo points indicated with MMM correspond
to the two versions of the mass-mixing model of Kroll, Lee and

2)
mixing model, The quark model is that of Van Royen and
Weisskopf16). Notice that the two MMM models and the quark model

Zumino ' 5 while the CMM point is the prediction of their current

require @Y = @N and are therefore incompatible with that part
of the generatized first Weinberg sum rule given by Eq. (7).
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