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Abstract

At 4 values of energy from 1020 up to 1340 MeV
the cross-section of the electron-positron annihila-
tion in the M -meson pair has been measured, the
limit of the quantum electrodynamics validity

N\ > 3.1 GeV has been obtained,



In 1969 the experiments on Cf—" -meson resonance
/1/ and &Y -quantum annihilation /2/ were performed
with the electron-positron storage ring VEPP=-2 at the
energy of 2%510 MeV. In 1970 the same machine was
used for investigation of hadronic form factors at
3 energies: 2x590, 2x630 and 2x670 MeV /3/. In all
these experiments the events of electron-positron an-
nihilation in the [ -meson pair were detected as well
to test quantum electrodynamics at high momentum
transfers, The preliminary results of this work were
reported at the Kiev conference /4/. Similar experi-
ments at P -meson energy were performed in Orsay /5/.
At the Kiev conference the preliminary results of
similar experiments in Frascati have been reported /6/,.

The process considered is described by a single
lowest order diagram

The investigation of this process enables %o
obtain information about The photon propagator beha-
viour at timelike momentum transfers as well as about
the “f-f‘l interaction vertex.,

The working conditions of the machine during
the experiments were characterized by the following
parameters: the initial currents were 70 mA and 40 mA
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for electrons and positrons, respectively, the mean
lifetime was about 5 hours, the lum1n051ty averaged

over the measurement time was loaacm sec 1.

The luminosity monitoring has been carried out
by detecting the double bremsstrahlung events [T/

The detection system used in' the experiments
at the energy of 2x510 MeV was described in detail
in /1,2/. It consisted of two identical groups of
spark chambers covering the solid angle of 2x0,9
steradian near the axis perpendicular to the plane
of the orbit. Each group included the coordinate,
"shower" and "range'" chambers, the total thickness
of each group matter being 170 g/cm e

For vetoing cosmic rays the detection system
was covered by the secintillation counter of dimen-
sions 160x160 cmz. Before it the lead 220 g/cm?
thick was placed to stop M -mesons investigated.
The switching of this counter in the anticoincidence
channel reduced the cosmic-ray triggering rate by a
factor of 50. Besides that a slow coincidence circuit
was used with a threshold for the anticoincidence
counter channel equal to 0,01 of the average pulse
height, This information led to reducing of the
cosmic background by a factor of 5.

The additional reducing of the cosmic back-
ground by a factor of 4 was achieved by the synchro-
nization of the detection system triggering with the



r.f., phase of the storage ring resonator.

The geometrical scheme of the apparatus used in
the experiment on the hadronic form-factor investiga-
tion is shown in Fig.l. It differs from the previous
experiments by the substitution of the wire spark
chambers for the optical coordinate spark chambers,
Besides that the water Cerenkov counters were placed
between the scintillation counters,

From each side of the interaction point three
wire spark chambers with ferrite-Core memory were |
placed each chamber having two coordinate planes /8/.
The wire chambers operated on-line with the computer
"Minsk-22" /94 all the information was simultaneously
recorded on the magnetic tape, The wire chambers were
used to determine geometrical characteristics of the
events, For events having thg_upper and lower tracks
intersecting in the median plane of the storage ring
and the intersection point in the beam region the
photographs from the optical spark chambers were
- scanned.

The selection of the -meson events was made
by the following criteria: |

1) The spacial non-collinearity angle between
the higher and the lower tracks is  AW< 5°. For
the events of the experiment on ¥ ~quantum annihi-
lation /2/ where the lead plates inside the coordinate
chamber caused notable multiple scattering . AW<10°,
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Fig.l. General experimental set-up: l-anticoincidence

scintillation counter; 2-lead; 3-optical "range" spark

chamber; 4-optical "shower" spark chamber; 5,7- scin-
tillation counters; 6-water Cerenkov counter;

8-coordinate wire spark chambers; 9-interaction
region; 10 and ll-inner and outer vacuum chambers,

respectively; l2-storage ring magnet.




2) The range of both partlcles is more than the
optical chamber thickness,

In Fig.2 the distribution of tha selected events
along the radial axis of the median plane is shown,
The radial size of the beams was about 5 mm, the in-
teraction point centre was displaced by 15 mm with
respect to the apparatus centre, The events chosen
for further consideration lie in the region shown by
dashed lines, |

. Two minds of the background measurements were

performed: with the beams vertically displaced from
each other by a distance of 2 mm and without the beams,
In the latter case tne systemfof synchronization with -
the r.f.phase was switched off that increased the
effective measurement time by a factor of 4. The mea-
surement showed that the background was due to the
cosmic rays, therefore its normalization was done by
the ratio of the time spent on effect- and background
measurements, To reduce the background the restric-
tions on the solid angle of the system were introduced,
the solid angle for the 2x510 MeV experiment being
reduced by 10 % and that for three other energies = by
25 %. Y |
The absolute value of the /H -meson-pair produc-
tion cross-section was calculated with the help of the
monitoring process of the élastic'electron—positron
scattering, The events of this process can be chosen
easily due to the clear picture of a shower in the
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Fig.2. Intersection point distribution of the upper
and lower tracks along the radial axis of the median
plane for the collinear events with a range corres-

ponding to the f4 —mesomns, a) - effect, b) - back-
ground normalized.



higher and lower spark chambers and they have no
background; For monitoring these events were select-
ed by the same geometrical ‘criteria as the M -meson
pairs, The validity of quantum electrodynamics for
the elastic electron-positron scattering in the
region of momentum transfers considered was checked
experimentally /10,11/.

The summary results of the experiments are
given in the Table, |

The radiative corrections /12,13/ for the
calculation of the ratio of the ﬂ. -meson events
number to that of elastiec scattering are highly com-

pensated if the geometrical criteria of the selection

are identical, The effect of vacuum polarization /12/

in the region of the ¢ -resonance 1is negligibly

- small when the averaging over energies is carried out,
To represent the possible distortion of the

reaction amplitude by a single parameter the common-

place modification of the form-factor was made

YET \ -2
[F|* = (1*- A )
and using the maximum likelihood method we obtained

A > 3.1 Gev

with 95 % confidence level, In Fig.3 the experimental
values of jq -meson production cross-section are
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Fig.3. Experimental values of the total M -meson
production cross-section against the energy. The
s0lid and dashed curves give the calculated values
of the total cross-sections for three parameters /\ ®
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plotted as a function of energy as well as the theo-~
retical cross-sections of this process for three
values of A o '

All previous considerations assumed that ini-
tial particles were not polarized, Their polariza-
tion /14,15/ leads to the changing of the M -meson
angular distribution whereas that of the electron-
positron pairs is practically unperturbed.

Investigation of the polarization conditions
with our storage ring showed that due to the depola-
rizing resonances the polarization should be absent
for two energies of the experiment and for two other
energies the polarization degree could not be more
than 60 % of the limiting one, Besides that the
second beam influence during the main experiment
could lead only to the polarization decrease., To
check the stability of the main result we have
handled the experimental data assuming the presence
of polarization, Even for the limiting polarization
at all energies of the experiment A > 2.7 GeV with
95 % confidence level,

In conclusion the authors express their grati-
tude to V.N.Baier for useful discussions of the
results and to the large group of co-workers who
took part in data recording and data processing.
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