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Abstract

The results of two experiments on the process
ete™— ete” 4+ ete”™ are given., The work has been
performed with the colliding beams of VEPP-2, The
process cross-section has been measured for the
large out-of-flight angles of produced particles.
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In 1969 the experiment on the ¢ -meson re-
sonance was performed with the electron-positron
storage ring VFEPP-2 in the région of the energy of
2E = 1020 MeV /1/. In 1970 the same machine was used
for the investigation of the hadronic form-factors
at three values of energy: 2E = 1180, 1260 and
1340 MeV /2/. ' .

During the data handling of the ¢ -meson re-

‘sonance experiment about 100 two-body non-collinear

events have been found that were not connected with
the § -meson, Experimental data on the particle
range and the multiple scattering angle showed that
these particles could be identified as electrons,
The preliminary results of this work have been .

- reported at the Kiev conference and there an assump-

tion was put forward that these events could be
ascribed to the process of electron-positron pair
electroproduction ete ™—» ete™ + ete™ /3/. The
further analysis confirmed this hypothesis /4/.

In this work the results of the joint data
handling of two experiments are givem, The presence
of the Cerenkov counters in the 1970 eiperiment
allows to perform a more rigid identification of
the electron—positrpn pair events,

The main contribution to the eross-section
of the reaction e*e s e*e” + e*e™ is given by



the following diagram (Landau diagram)
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The total cross-section of this process in the
three-logarithmic approximation has been obtained by
TLandau and ILifshitz in 19534 /5/., At the energy of
our experiments this cross-section is about
5.10"%’cn® increasing logarithmically with the
energy. Recently Baier and Fadin have obtained the
total cross-section up to the one-logarithmic terms
as well as the differential cross-section of the
large angle particle production /6/.

Despite of the large wvalue of tue total cross—
section of the electron-positron pair electroproduc-
tion this process has not been observed yet., It was
not observed with the colliding beams due to two
reasons. Firstly, the angular distribution of the
produced particles has a sharp peaking in the di-
rection of motion of initial particles but all the
detection systems are placed at large angles, And
in the second place the energy spectrum of produced
particles is rather soft the detection cross-sec-
tion being inversely proportional to the electron
detection threshold squared. In the experiments




thick plates of matter are usually placed before
the scintillation counters to exclude the large
background from the soft particles leading to the
negligibly small detection efficiencies for the
electron-positron pair electroproduction, In our
experiments the energy threshold of detection was
sufficiently small,

~ The detection system used in the @ -meson
experiment was described in the work /1/. It con-
sisted of two identical groups of the optical spark
chambers covering a solid anglé of 2x0.9 steradian
near the vertical direction, Each gruﬁp consisted
of the coordinate, shower and range chambers, The
spark chambers were triggered by four scintillation
counters in coincidence, The detection threshold
was 15 MeV for electrons and 35 MeV for ®{ -mesons,

The geometrical lay-out of the apparatus used

in the 1970 experiment is shown in Fig.l. From that
in the ¢ -meson experiment it differs in that the
geometrical optical spark chambers have been replac-
ed by the wire spark chambers and in addition the
water Cerenkov counters have been placed between
the scintillation counters, The presence of the
Cerenkov counters led to reducing of the solid angle
of the system by 10 % while the detection threshold
has increased up to 25 MeV for electrons and 50 MeV
for pions, From each side of the interaction point
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Fig.l. The geometrical lay-out of the experiment:
l-anticoincidence scintillation counter;
2-lead; %-optical range spark chamber;
4-optical chower spark chamber; 5,7-scin-
tillation counters; o-water Cerenkov
counters; 8-coordinate wire spark chambers;
g-interaction region; 1l0,ll-internal and
external vacuum chambers; l2-storage ring
magnet.,




three twocoordinate chambers with the ferrite cores
were placed /7/. The wire chambers operated on-line
with the computer, all the information being simulta=-
neously recorded on the magnetic tape /8/. For events
selected with the aid of the wire chambers the photo=-
graphs from the shower and range spark chambers were
scanned, | '

The Cerenkov counters had water radiators of
the dimensions of 420 x 420 x 68 mm, the internal
body of the counter was covered with the white dif-
fuse paint, Each counter was scanned by four photo-
multipliers FEV-30 with two of them from the opposite
small sides, These photomultiplier:. pairs operated
with the separaté discriminators, The information on
the triggering of 4 diseriminators was recorded for
each event, During the analysis-of the experimental
data different requirements to the number of discri-
minators triggered were used depending on the select-
ed events because it gave us the possibility to
change the detection efficiency of the particles.

In both experiments the selection of the events
of the electron-positron pair electroproduction was
carried out by the particle range, In the first expe-
riment the events were selected with both particles
having a range from 6.4 up to 16 g/éma;-In the second
one the corresponding interval of the ranges was
10.5 - 20 g/cma.



Tn the second experiment the presence of a’
signal in four discriminators of the Cerenkov coun-
ters was also required. The detection efficiency for
the electron pair measured by the elastic scattering
events ete —»ete” was 72 %. The calculated:value of
the detection efficiency for the J| -meson pair in
the interval of the ranges mentioned was less than
1 %e . |
The fact that particles selected are electrons
is confirmed by an agreement between the experimental
and calculated values of the multiple scattering
angle, In the first experiment the multiple scattering
angle in foil (o.l g/cm2 of iron and 0.05 g/cm? of
aluminum) was 5.50 and in the second one (0,5 g/cm?
of iron) = 9°¢ Note that these angles for the L -
mesons correspond to the energy of 8 MeV in the
first experiment and to 13 MeV in the second one both
values being much less than the detection threshold.

The summary results of both experiments are
given in the Table 1.

The luminosity integral was determined by the
elastic scattering process detected with the same
apparatus, _

About 30 % of the total time of the experiment
was spent on the background measurements which were
performed with two beams vertically displaced from
each other by a distance of 2 mm,
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Table 1

' - - p—
Energy 28,MeV 1020 ' 1180-1340
Luminosity integral, ' | _
- 10%en® 845404  13.240.6
_ . L P |
Interval of the :
{ranges, g/cm? 6 ,4~16 | 10,5=20
Region of - -
angles |591 & 0°-4qiﬁ&0°f90° , 00—90O '
{Effect 150 71 - 20
- i _H—l
Background '
(normalized) 53 70 Ny _
Admixture of the _ |
other processes
iinvestigated 1355 1'0ie 0.1
! : == ol i % =
" |"Pure" effect 84419 | 1418 ;1546
Calculation T
according to Baier _
and Fadin work /6/ [65+13 | 2245 _ 15443.2
- = i e

Because of the small statistics for the second
experiment only the combined results at three energies
are given, | - 3
' In the first experiment because of the different
background conditions it proved convenient to consider



two regions of the non-collinearity amgles |AG|
between the tracks where 9 was a polar angle in
the spherical coordinate system with the polar axis
along the beams motion direction.
| Data from the Cerenkov counters in the second
experiment allowed to make an admixture of the
other many-body processes /2/ negligibly small, The
calculation of the admixture in the first experi-
ment has been carried out for the known modes of
the cf> -meson decay /1/. '

The expected number of the events was calcu-
lated 'by the Monte-Carlo method with the account of
the finite size of the interaction region, multiple
scattering in the foil and the energy dependence of
the electron detection efficiency. The detection
efficiency has been also calculated by the Monte-
Carlo method taking into account the generation of
the showers. For electrons the ionization and brems-
strahlung losses as well as the multiple scattering
were considered while for the ¥ -quanta the pair
creation processes and Compton effect were consider-
ed, The correction was also made for the dependence
of the effective thickness of the matter passed by
a particle on the angles of its track with respect
to the chamber plane.

In Fig.2 and Fig,.3 the distribution of events
with respect to the azimuth non-collinearity angle aY
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Fig.2., Distribution of ewvents of the first experi-
- ment with respect to AY . The solid curve
was obtained with the Baier and Fadin for-
mulae, the dashed one was calculated for
the process with independent isotropic
particle distribution.
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Fige3, Distribution of events f the second experi-
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ment with respect to A o« The s0l1lid curve
was obtained with the Baier ang Fadin formu-
lae, the dashed one was calculated for the

grocess with independent isotropic particle
istribution,



is shown for the first and the second experiments,
respectively, A so0lid curve was obtained with the
Baier and PFadin formulae /6/ with the account of
the multiple scattering and the geometrical condi-
Gions of the experiment. For comparison the dashed
curve shows The distribution calculated for the
process with the independent and isotropiec particle
distribution, Both curves are normalized to the
total number of the detected events, The agreement
between the experimental data and two types of +the
distributions was checked by the o' —criterion. In
the region of the large IA‘” where the number of
events was small the last intervals were united, In
the first experiment the probability for 10 degrees
of freedom is f;o ( _’ﬂ") = 66 % and Pw(f") 1077%
for the first and the second distribution, respecti-
vely; in the second one the corresponding values
for 2 degrees of freedom are P" ( ﬁ’f} = 28 % and
2

w (4Y) =1.6 2.

In conclusion the authors express their grati-
tude to the co-workers who participated in data re-
cording and data handling and to V.N,Baier and
V.S.,Fadin for discussions.
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OrsercTBensnit 3a Bunyck C .M .Cepennaxop
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