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SUMMARY. -

A new measurement of the cross section for the reaction
eTe” —» e+e"y has been performed at the Adone storage ring, using
also tagging counters for detecting secondary electrons, The results
are in agreement with the QED predictions. New limits for the mass
and coupling constant (eXe 7) of a heavy electron, e¥*, have been
established.

i_

In this paper we report on the results of an experiment per-
formed at the ADONE electron-positron storage ring, to study the

reaction:

ete” —» ete y . (1)

Two different kinematical region were studied, one characterized by
having all three secondary particles emitted at wide angles and the
other with one electron (or positron) emitted at a very forward angle.
Previously reported results on the same reaction were obtained with

a different experimental s:et--up( 1).

(x) - Istituto di Fisica dell'Universita di Roma, and Istituto Naziona-
le di Fisica Nucleare, Sezione di Roma.



A gschematic view of present experimental apparatus is repor-

ted in Fig. 1. It consists of a wide angle detector and two tagging

W/DE ANGLE o Cz

_Q il DETECTIOR @ lle *”:ﬁi_{j ,

™~
e~

FIG., 1 - Top view of the experimental set-up. Q: Adone qua-
drupole; M: bending magnet; T, Ty : tagging counters; Cqs
C, : Cerenkov counters. '

counters T4 and T2' The wide angle detector(?) consists of two
half-cylinders composed of optical spark chambers, lead and scin-
tillation counters in a sandwich arrangement. The total solid angle
cevered is 0. 4x4mw sr for triggering and 0, 66x4m sr for tracking.
The total thickness of each shower detector is 5.5 r.l.. Electron
(photon) direction can be measured within o = ¥ 20 (¥ 49), The tagg
ing counters(3) accept electrons or positrons emitted within ~15
mrad with respect to the beam line and with a momentum range x =
= 0,1-0,9 where x is given in units of the machine beam momentum,
They are placed close to the vacuum chamber inside the Adone bend
ing magnets adiacent to the apparatus which acts as a momentum ana
lyser of secondary electron or positron., Each tagging counter is view
ed by two photomultiplier tubes placed at the ends of the scintillator,
The time measurement between those two photomultipliers can be
used to reconstruct the impact position of the electron or positron on
the scintillator and therefore to deduce its momentum,

Detection efficiency of the tagging counters has been measured
as a function of x using the events from beam-gas bremsstrahlung in
coincidence with the respective total absorption lead glass _Cer_enkov

counters C; or Cy (Fig. 1), For values of x larger than 0.8 the



3.

detection eificiency of the tagging counters is not known with preci

sion, because in this energy region electrons impinge over the

counter near the end of the counter and at grazing incidence, Ac-
tually the momentum of the tagged electron or positron was calcu-
lated using the measured angles of the particles detected in the wi
de angle detector and energy-momentum conservation, this value
then was checked against the value obtained from the time of the
flight measurement in the tagging counter. A trigger is generated
if one charged particle is present in the upper (lower) part of the
detector in coincidence with a photon in the lower (upper) part and
an electron in the tagging counters, or if at least two cherged par-
ticles are in coineidence in the both part of the wide angle detector.

Electrons and photons are easily recognized in the wide angle detec

tor by observing their showers in the optical spark chambers,

Reaction (1) has been studied in the total C, m, energy range

1900-2900 MeV, These data were collected along with the systema

tic search for a narrow resonance(z’ 4). Bhabha scattering detected

in the wide-angle detector provides a check of the detection efficien
cy of this part of the apparatus. Small angle Bhabha scattering (3°-

-69) in a different straight section of Adone provide a high rate mo

nitor. Detection efficiency and monitoring system introduce a syste

matic error of ~ T 10% in the absolute QED predic‘g:’ton.
We divide the observed events from reaction (1) in two classes
corresponding to two different kinematical regions :

a) The photon and the final electron (positron) are detected in the
wide-angle detector while the final positron (electron) is detec-
ted by one of the tagging counter. We shall call these events vir
tual Compton scattering (VCS) if they satisfy the following selec
tion criteria: the azimuthal nonalignement of the two wide-arnigle
particles must be £ ¥ 20°, and the kinematical reconstruction of
each event must be compatible with the reaction (1),

b) All final particles are detected in the wide-angle detector. We



shall call these events wide-angle bremsstrahlung (WAB) if they
satisfy simultaneously the following criteria: the angle between
any pair of final particle must be = 129, the acollinearity angle
between the final electron and positron must be = 129, the com
planarity ang].e(5) of the three particles must be € 10°, kinema
tical reconstruction of each event must be compatible with reac

tion (1),

VCS events. - We have collected 143 possible events in a total inte
grated luminosity of 120 nb-l, Of these events, only 127 satisfy the
selection criteria, In Figs. 2a) and 2b) we show the momentum di-
stribution of the tagged particles and the energy distribution of the
wide-angle particles respectively.

+
The effective mass distribution of the wide-angle fe™, y) system,

evaluated through the (et, y) measured direction, is shown in Fig. 2c,
Solid line in Fig. 2 are absolute QED predictions, the dashed part of
the lines in Figs. 2a) and 2c) corresponds to the energy region where
the detection efficiency of the tagging counters is not well known as
explained above: The data corresponding to this energy region are
not taken into account for },Z,upper limit determination, Radiative

corrections have not been take into account, The agreement is quite

good.,

WAB events. - We have collected 255 possible events in the same in-

tegrated luminosity as above. After the application of selection crite
ria, only 99 events were retained. Most of the rejected events have
an acollinearity angle less than 12°, The energy distribution of the
final particles in these events are given in Fig. 2d), and in Fig. 2e)
the effective mass distribution of the (et, y) system is shown. The
solid lines are the absolute QED predictic>ns(7). Radiative corrections
have. not been taken into account. The agreement is quite good.

In order to set a limit on the existence of a possible Heavy elec

tron (e¥), we have considered in addition to (1), the following reaction:
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FIG. 3 - Upper limit (95% confidence level) on A2 versus
the eX .

mass,
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The production cross section of reaction (2) has been evaluated start
ing from the following interaction Ha:miltonian(7) :

i} % = Y
Hr = (ed/m™) wex Gy,vw F' +h,c

>

where 4 is the (eXe ) coupling constsnt and m¥* is the heavy electron
mass. In order to set an upper limit (95% confidence level) on 12, we
have estimated the expected yield from heavy-electron production and
compared it with the data reported in Figs. 2c) and 2e). In Fig, 3this

upper limit together with previous results are shown,
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