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Abstract

The experiment on the study of the proceas eFferrote™ + e'e”
has been performed at storage ring VEPP-4 with the detector
¥D=-1. The average velue of an invariant mass of detected events
was 2 MeV. Such small invarient masses became attainable due to
the trensverse magnetic field of the detector MD-1. The experi-
ment was performed at the beem energy 2 x 1.8 GeV. The main
background process is the ete™ pairs production by synchrotron
radiation photons on electrons of the colliding beam. The cont-
ribution of this background is calculated to be 10%. The expe-
rimental results are in agreement with quantum electrodynamics
calculations.

* submitted to Internmational Symposium on lepton and photon
interactions at high energies, Kyd'to, August, 1985

1., Introduction

An interest to two-photon processea (Fig. 1a), as a mecha-
nism of a particle production, occured in the beginning of the
30-th after the discovery of the positron by Andersen. In 1934
the cross-section of e'e” peir production via ¥y mechanism in
the collision of two charged purticles was calculated by
TeDe.Landau and E.M.Lifshitz /1/
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The process ee — ee+ee was observed for the first time in
1969 /2/ at the storage ring VEPP-2 During the data handling of
¥ -meson experiment some events have been found that were not

connected with ¥ -meson., Prom the analysis it was determined,

that these events could be ascribed to the process of two-pho-
ton production of e'e” pair., This process was observed also in
the experiment, carried out at the storage ring VEPP-2 in 1970
with another detector and in other energy region /3/. Later in
Frascaty at the storage ring ADONE the two-photon production of
ete” anﬂ.jﬂj“h-pairs was also studied /4/.

In the beginning of the 70-th e large number of theoreti-
cal papers appeared, where two-photon processes were gtudied in
detail. The bibliography of these papers is given in reviews

A new series of experiments on study of the two-photon
lepton pairs productions at electron-positron storage rings
started in the end of T0-th. The experiments at the storage
rings DCI with detector DM-1 /9/, at SPEAR with detector MARK~IT
/10/, at PETRA with detectors PLUTO /11/, TASSO /12/, BARK J
/13/, CELLO /14/ were performed. A review of these experiments
is given in Ref. /8/.

A great number of experiments on the itwo-phoion production
of lepton pairs is due to the fact that thease processes have
large cross-sections, can be easily identified and calculated
with necessary precision. The study of these procesaes is also
of a great importance because due to their large cross-sections




they represent the main background to many other processes. An
agreement between experiment and calculation gives one a confi-
dence in a procedure of data taking. When such measurements are
carried out in a new kinematical region, they represent also

& test of the quantum electrodynamics. The peculiar feature of
our experiment is the magnetic fleld of MD-1 thet is tranaverse
to the plane of the beam orbit. The ftransverse field allows to
detect and measure the momenta of particles outgoing even at
zero angle. A detection of the produced particles at the small
angles and with amall moments in the process under study means
the detection of events with the small invariant masses, i.e.
from the region of the mein part of the production cross-sec- i
tion. In this experiment events with an average invariant mass
of 2 MeV were detected, For the comparison at the detector

Dli=1 /9/ the minimum mass of the detected pair was B0 MeV, at
the detector PLUTO - /11/ 800 MeV.

The main background proceas* in this experiment is the
production of electron-positron pair by the synchrotron radia-
tion photons on the electrona of the colliding beam X +e —>etee
The counting rate of this process grows more rapidly with the
increase of the beam energy than for the main one. At the beam
energy of 5 GeV both counting rates are equal. For this expe=-
rimet the beam energy was chosen equael to 1.8 GeV where the
contribution of background process is about 10%.

2 The effective crozsa-gection

The main contribution to the production of ee” palir in
two-photon proceas comes from the diagram of type A, shown in
Pig. 1. The calculation of the total cross-section, taking into )
account the main disgrsma with power accuracy on the energy,
was done in Ref. /16/

- 3

6= 5% (4.0 O -6.6L"-41.7L +10%),

where L = ﬁﬁt(éyﬁé)

* A.E.Blinov et al., to be published. [l

This cross-section grows with increasing of the beam energy.

At the energy B = 1.8 GeV it i& equal 5-10"2' cm™2,

The contribution to the total cross section of the brems-
strahlung diasgrems was calculated in Ref. /17/. At the beam
energy of 1.8 GeV this contribution is 0.3%. Numerically small
(=0.1%) contribution at this energy comes from the account of
an identity in the final state /7/.

The differential crosa section over the invariant mess of
produced pair is given by the following expression /16/:

{—ig = i...__....._..éﬁ{zzf’z. Me Phj.-‘é’_ r,r?, Pqﬁ il 1
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One can see, that the main contribution to the cross-section
comes from the low invariant maess region. The convenient ex-
pression for the invariani mess of produced pair is
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W= 2m? +;=_(EEE¢—I'P*3'1+1?~‘II»=::03T3; 7

— =
where E&,ifq and F; ’ FL - are the energies and momenta of the
produced particles, From this follows, that low invariant mas-
ses mean amall relative angles or amall energies of produced
particles.

To calculate the wisible cross-section we used the prog-
rams, developed by Smith and Vermaseren /18/. These programs
generdgte events with weights. Using the Neumann method, as usu-
ally, we obtained events with unit weights. The main problem
here is the low efficiency of the method due to singularities
of the differential croess-section. Using the simple kinematical
cuts in /18/ we increassed the efficiency of generation by fac-

tor 10.

The simulation of the detector response for events under
congideration was done with the help of the general purpose gi-
mulation program for the experiments at e’e  colliding beams
/19,20/ developed in our Institute, The complex geometry of the
detector, electromagnetic showers, as well as low efficiency of .
events generstion, asll this produce a need in a lot of computer
time. About 100 hours of ES 1061 CPU time were neceasary to ob=-




tain the statistics of about 300 events.

3. Apparatus

The experiment was carried out at the storage ring VEPP-4
with the detector MD-1 /15/. The magnetic field of the detec-
tor is transverse to the orbit plane. Bending angle in the de-
tector is 16 degrees. The strength of the magnetic field du-
ring the experiment was 5.4 kG. A lay-out of the detector is
shown in Pig. 2. In the trigger and in the analysis the coor-
dinate chambers and scintillation counters were used. For trig-
ger it was required the firing of one or more scintillation
counters and several coordinste chambers from both sides of the
beam.

The vacuum chamber of the storage ring in the interaction
region is a cylinder with radius of 40 cm and length of 1 m.
The thickness of matter along particle trajectory form the in-
teraction point to coordinate chambers is 0.085X,.

For the detection of charged particles and measurement of
their momenta the system of 38 proportional chambers with ma-
ximum size 0.9 x 0.9 m? was used. The anode wires step of cham-
bers measuring a momentum is 2 mm, for the chambers measuring
vertical coordinate - 4 mm, The total number of electronics
channels is 12,000.

For the luminosity measurement the procesa of double
bremsstrahlung was used. The photons were detected both in elec-
tron and in positron directions with NaI(Tl) counters, situated
in 10 m from the interaction region. The counting rete at lumi-
nosity 4¢10%7 cm™? sec™! was ~s 0.4 Hz. The uncertainty of the
luminosity measurements was estimated to be 15%. This error is
due mainly to inaccuracies in the knowledge of photons detfecti-

on threshold.

4. Experiment

The experiment was performed in May 1984. During the ex-
periment the parameters of t.,e storage ring VEPP-4 were as
follows: the energy E = 1.8 GeV, currents I = 0,4 mi, the
average luminosity L = 4-10°Tem™® gec™'. The luminosity was
limited by the collisions effects, which did not permit to ha-
ve electron and positron currents greater than 0.5 mi. A part
of the time the experiment was carried out with separated
beams to measure background conditions. In general 227,000
events were recorded on the magnetic tepe when head=-on colli-
gions ("effect") and 41,000 when beams were separated ("back=-
ground"). The ratio of recording time of "effect" {o that of
"background" was about 5.5. The integrated luminosity of
440 p1b~1 was collected.

5. The data processing

Selection of the events was performed using spatial cha-
racteristics of charged particles, detected in the coordinate
system. Firat of all, we required two charged particles to be
detected from the interaction region of the sizes: 400 mm
along the beam axis, 220 mm in the orbit plane and 100 mm in
the vertical direction. After this selection 3,400 events in
n"effect" runs and 392 events in "background" runs remained.

Then a point on the beam axis, nearest to the track of
each particle, was found, and the distance from the center of
interaction region to this point was determined. The distribu-
tion over this parameter is shown in Fig. 3 for "effect" and
"packground" runs. The background distribution is normealized
by the same total time as "effect" runs. The events with the
distances more than 150 mm were rejected, The number of events
remained was 1,300 events and 2 for "effect" and "background"
runs reapectively.

For the further analysis the events where both particles
reached the walls of the volume containing the coordinate
chambers were selected. This cut rejected events with the par-
ticles msking more than one turn in the coordinate system. To
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avoid the edge effect the events withat least one particle
passing close than 10 mm from the chamber edges were also re-
jected. Furthermore we required one or more scintillation co-
unters to be fired at least on the one particle track. As a
result 587 evats in "effect" runs end zero events in "backgro-
und" runs was remained. A typicel event picture is presented
in Fig. 4.

6. The comperison of the experimental data with Q E D
expectations

In Pig. 5 the distribution over a momentum of particles
in selected events is shown. The average momenta for the expe-
rimental and for the lMonte Carlo simulated evente are respec-

bively: Poy, = (55.6%0.4) WeV, P,, = (56.7=0.4) MeV.

For particles with so small momenta the interaction with
the beam pipe causes a displacement of reconstructed vertex of
an event with respect to the real one. The contribution to this
of the energy losses is of the same order of magnitude as of
the multiple ascattering. Thus, the corrections to the particle
momenta due the energy losses have not been done. In Fig. 6 the
distribution over the distance R between the emission points
in a plane, transversal to the direction of magnetic field is
presented. Emission point of each particle in en event is a
erogsing point of & straight line between the centers of the
circules and each circle itself., The parameter R » 0 if circ-
les do not intercept each other, otherwise it's negative. In
the same figure the distribution for simulated events is also
shown. The agreement between the experimental and simulated
distributions is good: PLIE)= 30%.

Along the partiole'path before the scintillation counters
there are 30 mm stainless steel walls of container of coordina-
te chambers. The probability for the particle hit scintillati-
on counter is (12.121.3)% for the experiment and (11.8%2.4)%
for the simulation. A good agreement between these values, as
well as agreement of the data in Fig. 6, gives a good evidence,
that the detected particles are the electrons.

In Fig. 7 the distribution over absolute value of the sum

particle momenta projected on the plane transverse to the beam
direction is shown. The average values of *ﬂ_ are (8.220,2) MeV
for experiment and (7.420.3) MeV for simulation.

In Pig. 8 the distribution over the angle S  between the
emission direction of particle and the beam is shown. The da-
shed line presents the distribution for original particles from
the gimulation, the empty points - results of Monte Carlo cal=
culations, dark circles experimental results. The distribution
of particles is peaked at small angles. Half of the particles
heve © € 0,8°, For such small angles the multiple scattering in
the wall of the beam pipe considerably changes the angular dis-
tribution., The experimental data are in good agreement with
the calculation: Pfljﬁ = 40%.

In Pig. 9 the distributions over the visible invarient
mass for experimental and simulated events are presented. The
distribution without interaction of the particles with the beam
pipe is shown in the same figure by the dashed line. The mean
value for this distribution is equal to 2.1 MeV, One can see,
that the width of the distributions for experiment and lonte
Carlo simulation taking an interaction with the beam pipe into
account is mainly due to the detector resolution. The average
reconstructed masses for the measurement and simulation are
reapectively: E;?Exﬁ=(5.7iﬂ.3) eV anﬂI:ZJ? = (5.720.2) MeV,

WIS

To compere the experimental and lMonte Carloc values of the
vigible cross-sections it is necessary to teke into account
the efficiencies of the chambers. The loss of efficiency for
chambers is due to some dead electronic channels and the prima-
ry ionization and gas amplication fluctuations. The efficlenci-
es of the chambers, not included in the trigger, were determi-
ned from th experimental data. For the trigger chambers they
were determined by number of the dead electronic channels ta-
king into account the probability of their hiftting in experi-
mental events. This procedure was checked using the chambers
which were not included in the trigger. The average efficiency
for chambers with 4 mm sten was (97.3%0.3)%. The correction
factor, due to the chamber inefficiency, was 1;19i 0.02,

So, the experimental visible cross=-section is equal to
g,ﬁ={1.61i0.12)Jﬂb. The error comes from: luminosgity measu-




rement - 5%, statistics -~ 4%, correction on the chember inef=-
ficiencies = 2%,

The calculated visible cross=gection for the process
e e—>e e +e e 1is equal to (1.5Bi0.15}f4b.

Aceording to ref, /7/ the radiative corrections for this
process are less than 0.5%.

Besides it is necessary to take into account the contribu-
tion from the background process of ete” pair production by the
synchrotron radiation on colliding beam. By lionte Carlo calcu-
lation the visible cross-section of this process is found to be
equal to (D.E#ID.DG)Iib.

The calculated Monte Carlo visible cross=section is

Guc = (1.8220.16) Mb in good agreement with the measured
one.

We would like to thank the VEPP-4 and 1D-1 staff and also
J.Ranft, H.-J.Moehring, A.Shiller (Karl-Marke University, Leip-
zig) for help in work, The authors also have benefited much
from the stimuleting discussions with E.A.Kuraev, V.S5.Fadin,
VaGa3Serbo.

3 1%,

2,
3
e

9.

10.

References

L.D.Landau, E.M.Lifshitz, Sov. Phys. 6(1934)244;
V.E.Balakin et al., Phys. Lett,, 34B(1971)663;
V.E.Balakin et Eli, Yader. thsc, 16(1972}729;

C.Bacci et al., Nuovo Chim. Lett., 3(1972)709;
G.Barbillini et al., Phys. Rev. Lett., 32(1974)385;

V.M.Budnev et al., Phys. Rep., 15(1975)181;
H.Terazawa, Rev. Mod. Phys., 45(1973)615;
V.N.Baier et al-, PhFB' Rﬂp-, T8[1981}295;

H.Kolanoski, Springer tracts in mod. phys. vol.105, Sprin-
ger verlag (1984);

A.Courau et al,, Phys. Lett., 84B(1979)145;
A.Coursu et al.,, Phys. Lett., 96B(1980)402;
A.Roussarie et al., Phys. Lett., 105B(1981)304;

11. PLUTO collaboration, Ch.Werger et al., Phys. Lett.,

94B(1980)254 ;

12. TASS0O colleboration, R.Brandelike et al., Z. Phys.,

13.

c10{1981)177;

MARK Y colleboration, B.Adeva et al., Phys. Rev. Lett.,
48(1982)721;

14+ CELLO collaboration, H.-J.Behrend et al., Thys. Lett.,

15.

16,

17,
18,

126B(1983)384;

Major detectors in elementary particle physics, LEL-51 sup-
plement, UC=37, 1983;
S.E.Baru et 8l., Preprint INP 83-39, Novosibirsk 13983;

BehoKuraev and L.N.Lipator, Yadern. Phys. 16(1972)1060;
V.N.Baier and V.S.Fedin, ZhETF, 6(1971)476.

EeA.Kureev snd L.N.Lipatov, Yadern. Phys. 20(1974)112;

J.Smith, J.A.M.Vermaseren, G.Grammer, Phys. i . D15(1977"
3280,

JeheM.Vermaseren et al., Phys. Rev., D19(1979)137;
J.ﬁ.m.?urmaseren'anceedings of the Intern. workshop on

11




gg‘-cnlliaiuna,
Amiens, BEd.G.Chcochard end P.Kesler, Lecture notes in
physicas vol. 134, Springer verlag (1980);

19. A+E.Blinov et al., Preprint INP 82-93, Novosibirsk 1982;
20. A.D.,Bukin et al., Preprint INP 84-33, Novosibirak 1984.

12

B e ggwve R
e e
e
B) :
e e

Pig. 1. Diagrems for reaction ete™ —» ete™ + o'e™;
(A) - the two-photon graph,

(B) - the bremsstrahlung type greph.
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Detector MD=1%

1 - magnet yoke, 2 - copper winding, 3 - beam pipe,
4 - coordinate chambers, 5 - scintillation counters,
6 - gas Cherenkov counters, 7,9 - shower-range
chambers, 8 = muon chambers.
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Fig- 3

X, mm

The distribution over the distance from the
centre of interaction region to the point on the
beam axis nearest to the particle track.

(4) - for "effect" runs, (B) - for "background"
IMing .

The "background" distribution is normalized by
the same time as "effect" runs.
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The inner part of MD-1 detector, upper view:

1,2 - detected e'e” pair, 3 - coordinate
chambera, 4 - scintillation counters,
5 = shower-range chambers.
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The distribution over the angle € between:
the direction of fthe particle emission and

the beam:
* - experiment,

E -~ glmulation.

The dashed line shows the expected distribution
without interaction of the particles with the

beam pipe.
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The digtribution over the wvisible invariant
mass of the detected pair:

¢ - experiment,
ﬁ - gimulation.

The dashed line shows the expected distribu-~
tion without interaction of the particles with
the beam pipe.
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