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Abeatract

The cross-section of the reaction ete”— ete™§ was mea-
sured at the electron-positron collider VEFP-2 in the total
energy region 0.64-1.40 GeV. The upper 1limit on the production
crosg section of the heavy electron wes obtained for the mass

interval 0.12-1.0 GeV.




The study of the process e'e” —e'e™f was aimed at two
purposes: a test of QED in d?appraximatinn and a search for the
heavy electron in the reaction e'e” — ee® —~e'e"Y o+ In additi-
on, the study of this process allows its correct subtraction as

a background for the reactionsg of hedron production.

In 1978 at VEPP-2M storasge ring with the OLYA detector an
experiment wes performed aimed at the study of the e*e” anni-
hiletion into hadrons in the energy region 0.64< U8 £ 1.40 GeV.
The collected integrated luminosity was about 1500 nbn~ ' /1/.
During the anslysis of the experimental data the events of the

reaction e'e”— ete” ¥ were also selecteds

For the reliable identification of the reaction e+e:+e+d1r
events were chosen with all final particles detected. This al- |
lowed to determine particle energies with the help of measured
emisgion engles of the outgoing particles using momentum and

- energy conservation laws. The method of kinematics recongtruc-

tion and the factors which determine the resolution for the
particle energles and invariant masses were described in deteil
for the OLYA detector in:the ref. 2. In the energy interval un-
der conpideration the angular resolution of the detector was
about 1° for the charged particles and sbout 3° for photons.

The resolution for the €Y invariant mass was = 20 MeV depen-
ding only slightly on energy. ‘

The selection e'e”— ete™y events was done in two stagess

first the events with two charged particles and photon were se-
lected (2C + ¥ ), mecond the events conteining electrons were
separated (2e +) ).

The events 2C +) were selected by the following criteria.

1+ There are two tracks and a single photon detected by
the coordinate chambers and the shower-range system respective-
1ly. .

2. All particles are detected in the different guadrants
of the detector that prevents the miximg of the different par-
ticle showers.

3. Acollinearity angle for the charged particles AW >10°.
Thig i1s necessgary for the reaction plane to be rather well de-
termined.




4. Acoplanarity angle. i.e. the angle between the directi-
on from therinteractinn point to the point of the photon con-

version and the plane containing the cherged particle tracks,

AP L 5% | .
S« The energy of each particle obtained by the kinematics

reconstruction with the aggumption .that charge? par?iclas are

electrons is greater than 150 MeV. This condition diminisghes

the uncertainty in the detection efficiency of the low energy

photons and improves the quality of tbe electron-meson separa-

tion. ,

The separatian:of electrons and mesons was performed :lt:
the help of scintillation sandwich signals using the correlati-
on matrix method described in ref. 3.

The whole energy region was divided into 12 inta?vala and
each of them was analysed as described sbove. The reglon near

¢ - meson resonsnce was excluded because of the large back-

4 from reactions e'e~— @ —+ KK , TNy The results of the
groun : . 1
anglysis are given in fthe table. Each line of this table con

tains energy interval bounds, integrated luminosity, the number
of events of 2C + ) and 2e + § types. " k"

The detection efficiency for the reaction ar By =i 8 BT X
theoretical dependence of the total crogs-pection on energy as
well as differential distributions for varin?s-pa?ametera weraf
obtained by the detailed Monte-Carlo gimulation with the u?e o
the differential crogs-section calculated in refe 4. The slm;—
lation took into account all the processes of eleptrun and pho-
ton interactions with the materisl of the detector and the re-
quirements used for the gelection of the events.

The total cross section of the reaction ete” s ete™f as
the integral over all acceptable phase-apa?e tends to infi?ity:
' Do give a physical sence to this value it is necessary t?ni:p;
se sgome restrictions on the integration region. More defl ely
the following conditlions were chogen: the energy of charged

particles had to be greater than some quantity E . .. the acolli-

nearity sngle greater than aome_s , and the emission anglés of
all final perticles - greater than some B, /5/. The specific
quantities of the restriction parameters were chosen in such

4

=

- Buch a case the number of events in the bin i is

8 way that the integration region contained with gome extensi-
on the phase space volume of final particles available to the
detector. They were: Ein = 25 MeV, 8 = 5°, O, = 37° PFiga. 1-3
show the differential distributions of the particle energies
and eJ¥ invarient mass. The hystograms represent the sgimulati-
on results, pointes - the experiment.. The errors are statigti-
cals Figs 4 shows the energy dependence of the totel cross sec-
tion. The so0lid line corresponds to the QED prediction taking
into account radiative corrections due to the eniasian of real
Photons by initial and final particles. The contribution of

the radiative corrections to the total cross-section is about
8% and negative.

Cne can see from the figures that the experimentally ob-
tained differentiasl distributions and the totel cross gection
don't contradict to the QED. :

The spectrum of the &Y invariant mass was used to search
for heavy electron (HE), hypothetical particle suggested by
Low /6/ in 1965. HE has the seme quantum numbers as an elect-
ron and differs from the latter by its mass only. The interac-
tlon of HE with ordinary -electron and photon ie characterized
by a dimensionless constant )\ + For the known experimental
limits on A /7/ the radiative decay width of the HE does mot
exceed a few keV. Therefore HE has to appear as a narrow peak
in the e¥ invariant mass spectrum. The ref. 8 contains the
calculation of the e'e”— e*e™) cross section taking the HE
into asccount. The result of this calculation was uged for the
determination by the Monte-Carlo simulation the HE detection
efficiency for the different values of its mass end the beam
energys. As the experimental digtribution does not contain any
Peaks an upper limit on the constant )\ weas obtained. The
hystogram bin width A = 40 MeV was chosen to be of the &ame
order as the detector resolution for ey invariant ma:r. In
4y =
= N’;n” + NHE » Wwhere M;QE'D ana N M6 are the contriguticn

of the ordinary bremsstrahlung and the reaction with the heavy
electron respectively:
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Here M is the HE mass,
f., ¢, are the detection efficiencies for each reactions,
li; is the integrated luminosity,
& is the tofal crose-section of the reaction ee —» eo®
at N e :

As far ag the mass spectrum does not ccntx_'ani:l.ct gtatisti-
cally to QED, the evaluation of the upper limit for A was
done as follows: \

® (M) < 24N /(ELE)"

The confidence level is determined by the numerical factor and
equals 95%.

Filz. 5 shows the results of this experiment on the search
fer HE and the two best previous results of other groups in
mass region 100-1000 MeV /T7,9/. Recently results of different
groups from DESY appeared /10-12/. At PETRA storage ring they
studied the QED processes and obtained the limite for the HE
in the two photon annihilation reaction. The best regult 1s
M/A > 40 GeV, that for M = 0.5 GeV is close to our limit

A £ 0.015. i

In conclugion the authors express thelir sincere gratitude
to the VEPP-2M staff that ensured the good machine performan-
ce during the experiment and to BeA.Kuraev for the useful dig-
cusgions on theoretical guestions.
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Table
\[E (MeV) L. (av~1) 2¢ + Y 20 + )
640-690 27 50 3781,
690-T50 106 192 163514
750~800 97 355 223t3)
800-860 136 346 215:};
860-920 132 266 211%17
920~980 136 344 20!
980-1008 T2 176 131212
1120-1180 a8 170 121512
1180-1240 120 164 115115
1240-1300 145 206 16312
1300=1360 161, 256 159§i3
1360=1400 126 219 1523{%
Total 1346 2774 1983
T
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Figr 2a '

Fig. 3.

Fig. 4.

Fige 5..

Pigure captions

The distribution on charged particle energies.
The distribution on the photon energy.

The €Y invariant mass distribution.

(Points-experiment, hystogram - M.C. simulation).

The total cross sgection energy-dependenca
(points-experiment, solid line - QED prediction),

The upper limit on X at 95% C.L.
1 - ref. 9 '

2 - ref. T

3 - this experiment.
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