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Abatract

The preliminary results on the study of the reactions
ee —>ee+HMd and ee —> ee+hadrons are presented. The experiment
wag performed in 1983-84 at the storage ring VEPP-4 with the
detector MD-1. The analysed integrated luminosity is 6.4 pb~'.
The reactions were Studied in the double tag mode. The measu-
red muon production cross-section is in agreement with QED. The
total cross-section of two-photon hadron production wes measu-
red in the effective mass region 1-4 GeV.
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1. The experiment has been performed at the atorage ring
VEPP-4 with the detector MD-1 in 1983-84, at the energy 75 =
= 9.46 GeV. The integrated luminosity of 10 ph'1 has been col-
lected. At present the total integrated luminosity is equal to

30 Ph-“l *

In this paper the preliminary results on the study of the
reactions

e'e”— e+ ijq . (1)

e'e”— e + hadrons (2)

in the double tag experiment are presented. The results were
obtained in the analysis of 6.4 pb"T integrated luminosity. The
average luminosity during the experiment was 2.6-1D3D cm '5'1,
the total number of detector triggers was about 5-105.

2. The detailed analysis of theoretical questions, concer-
ning iwo-photon reactions, was done in Ref. /1/. The problems of
the extraction of the information about two-photon processes
from the colliding beam experiments were discussed in Ref. /27
The reaction (1) is described by QED and was used to check up
epparatus operation and correctness of the detector description
in the Monte Carlo programs. The reaction (2) is the source of
the information about the mechanism of the hedron production in
two~-photon collisions; the exact theory of this process at pre-
sent does not exist.

The kinematical scheme of both these reactions is shown in
the following figure:




where F, is an energy of the initial electron (positron),

Eﬂ;U - an energy of the scattered electron (positron),

©i(y - an emission angle of the scattered electron (posi-

tron) in the lab. system,

?'i{.l.) = (fads a5 _5?"“4, ) = 4-momenta of the virtual pho-

ton.

For the small emission angle of the scattered electrons
the-effective mass \w of the produced system and the virtual
photanfbpacenlikq)squared mess are given by the simple formu-
lae:

Wwhr= 4w, W, :‘;'(Eavgi){gﬂ ~E,)

¥ e o
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Thus the measurement of the energy and the emission angle
of the scattered electrons is sufficient to determine the trans-
X
fered momenta (; and the effective mass of the produced

35 - gystem.

3« The layout of the experimental region of the storage
ring VEPP-4 with the detector MD-1 is shown in Fig. 1. The mein
distinction of the detector is the magnetic fieldjwhich direc-
tion is perpendiculer to the orbit plane. This allows the de-
tection of the two-photon events with low effective mass with
simultaneous detection of the scattered electrons with Gll clo=-
ae to zero, unlike the standard situastion when the acattered
electrons are detected with the angles greater than some mini-
mal one of the order of 10 mrad.

The detection system of the scattered electrons (tagging
aystem) consists of two identical blocks containing 7 proportio-
nal chambers. The chambers can measure the coordinates of the
acattered electrons in the orbit plene in the direction ortho-
gonal to the beam path (y) an perpendicular to the orbit plane
(z). The important advantage of this system is the possibility
to detect electrons with the zero emission angle from the in-
teraction point in the energy region E vetween 0.5 and 0.85
of the beam energy E, . The electrons with the energy E =E,

are detected in the emission angle region 12-100 mrad.

The measurement of the coordinate (Y ) and the angle(?’juf
the electron in the detection system allows one to determine
the energy ( E) and the emission angle at the interaction
point (). The energy aend angle calibration of the system wes
performed with the help of processes ot the single bremsstrah-
lung of the electron on the colliding beam and small angle Bha-
bha-scattering., The achieved energy resolution was 6:/E = 1.5%,
the angular resolution for {}} = 1 mrad for €2 = 0,5 mrad.

The detailed description of the detector and the tegging
system is given elsewhere /3/.

4. To select the events of the reactions (1) and (2) it
was required to trigger both blocks of the tagging syﬂtembwith'
this condition i()s events were obtained.

The main background in the tegging system comes from the
single bremsstrahlung on the colliding beam (SB). The SB rate
at the average luminosity of the experiment was about 200 kHz,
the corresponding probability of the accidental coincidence of
the SB electrons with the event in the central detector is very
high (about 1/4). However, the angle distribution of the SB
electron is much more narrow than one of the two-photon reac-
tiona. This allowed us to reject this background gignificantly
with the acceptable loss of the efficiency by the selection of
the events with the scattered electron in each bloeck of the
system detected at the distance from the orbit plane greater
then 2 mm. The number of the remained events was 2.5.107,

The efficiencies for the detection of one (&,) and two
(£,) scattered electrons depend on the effective mass of the
produced system as it is shown in Fig. 2,3. The orbit plane
stability in the verticel direction was provided by the feed-
-back from the ionization chambers, detecting synchrotron radi-
ation from the interaction region, with the accuracy better than
O+1 mm,Thaet allowed us to avoid the systematic uncertainty in
the calculation of 51 .

To select the effect events in the central detector the
following requirements were applied during visual scanning: the
candidates to the reaction (4 ) had to contain two and only two
charged particles in the shower-range chambers with the narrow




transverse spread of the hits along the tracks; for the reac-
tion (2) more than two particles were required with at least
one charged among them.

By these conditions candidatea eventa of the reaction (1)
and 289 of the reaction (2) were selected. i

Por further background suppression the following conditi-
ons were used:

a) one and only one particle had to be detected by each
block of tagging system while for reaction (1) at least one of
them with an emission angle O, > 5.6 mrad;

b) the energy of each electron had to be in the region
2.7 <€ E/GeV { 5.1 for the reaction (1) and 2,4 ¢ E/GeV< 5.11
.0r the reaction (2).

Finally, 221 and 176 events has been selected for the re-
actions (1) and (2) respectively. The remaining background is
7% for both reactions and was subtracted statistically. (Due
to some inessential reasona only 5.3 ph‘1 of the integrated
luminosity has been used for the resuliting selection of the

reaction (1) events.

The detection efficiencies for each reaction were deter-
mined by the detailed Monte-Carlo (MC) simulation /4/.

5. The reaction ee -» ee+mu was studied in the experiments
DM1, PLUTO, TASSO, CELLO, MARK II, MARK-J. The good agreement
with QED expectations was found in total cross-sections asa
well as in various différential distributions /2/.

As was mentioned before in our experiment this reaction
was used to check up the apparatus and the M-C programs.

The distribution on the acoplanarity angle between the
produced particles is shown in Pig. 4. The narrow distribution
centred at zero is typical for two-photon production of the
particle pairs and agrees well with the MC calculation. The
visible cross=section of this reaction vs. the effective mass
squared of the produced pair is presented in Fig. 5. Some ex-
cess in the experimentel distribution at large w?*is in qua-
litative agreement with the estimates of the rediative correc-
tions due to the real photons emission.

The contribution of the main background process ee—» ce+ee
eatimated by the MC-gimulation does not exceed 10%. The contri-
bution from the ee —ee +7w reaction was estimated to be also
not more than 10%.

The total experimentally observed cross-section

-2 :
étxp=(6.z:ﬁ:n.q}-ia hé
and simulated one

B = (4.7%08) 20 “nb .

The difference does not exceed 1.5 standard deviations. To achie-
ve the higher accuracy one has to increase the simulation sta-
tistica and to tske into account the rediastive corrections.

6. The firast results for the measurement of two-photon had-
ron production were obtained by PLUTO /5/ and TASSO /6/ groups
in 1979-80. Recently the new results of PLUTO /7/ and PEP4-TPC/
IPEPB—E'X /8/ have been published. The discussion and the theo-
retical amalysis of the last experiments is given in Ref. /9/.

The ee ee+hadr reaction study performed in present work
was aimed to measure the total cross-section of the process
y ¥y —~hadr in the region of effective mass W< 5 GeV
for almost real photons (QE{ 0.1 GEVE).

At present an exact theory of photon-hadron interactions
does not exist. To describe the two-photon hadron production the
vector dominance model (or generalized) VDM combined with the
Regge model for hadron interactionsis used, The predicted ‘n/ -
-dependence, has the following form:

fg:ﬂ,: Ci.+-ﬁfizf\~/

t

where éa and éi are calculated using the cross-sections of v
and AW reactions and are found to be: G, = 240 nb, ﬁii =

= 270 nb+GeV. More exact calculations taking into account the
lagt experimental results on hadron collisions give glightly
different values of these constants: &, = 2504700 nb, G, =

= 315355 nbeGeV /10/.




The contributions of the point-like photon-quark interac-
tion proportional to \w *is also discussed in the literature

However the modern QCD technique does not allow to estimate
its value /1,2/.

Let's mention the main problems in the information extrac-
tion about the X&ﬁ—* hadrons reaction from the colliding beam
cxperiments:

a) In the no-tag and single tag experiments the effective
nass of the produced system has to be reconstructed by the de-
tected hadrons (W, ) and due to the limited solid angle of
the detector is alwaye less than true velue ( w ). The correc-—
tions cannot be made in a model independent way.

b) In the single tag and double tag typical situations the
total cross-section extrapolation to Qf‘- 0 is also model de-
pendent.

¢) There are uncertainties in a description of the final
state structure, necessary for the acceptance calculation.

In our case the problems a) and b) are absent due to doub-
le tagging with ﬁﬁl= 0; problem c) is briefly discussed below.

T+ To calculate the detection efficiency for the reaction
(2) there was used a model of a hadron final state structure
czlose to one obtained in Ref. /6/. The parameters of the model
are presented in the table together with the parsmeters obtai-
ned in Ref. /7,8/.

Fig. 6,7 show the charged- end Y -quanta multiplicities.
The inclugive transverse momenta of charged hadrons is shown in
7ig. 8. The distributions on @,, Q° are statistically identical
and are combined in PFig. S.

£11 these distributions are in a good agreement with the
liC=gimilation that supports the used model.

The preliminary results of the total crosa-section measu-
rement are shovm in Fig. 10 together with the results of last
two experiments /7,8/. Error bars indicated for our experimen-
tal points are statistiesl only. One can see a good agreement
of all three experiments in a common W' =region.

The systematic uncertainty in our measurement of the total

cross-section comes from the acceptance gsensitivity to model
parameters and requires an additional analysis. The prelimina-
ry estimations show that the main contribution is given by the
charged multiplicity dependence on effective mass and is not
greater than 30%.

In coneclusion the authors express their sincere gratitude
to the VEPP-4 and MD-1 staff for the help in the experimental
work end to H.Kolenosky, E.A.Kuraev and V.G.Serbo for the use-
ful discussions.




Table

The parameters of the final gtate structure model

Te

2

3.

4.

5e

PLUTO PEP4/9 MD-1
multiplicity
2 YW 100.520 W | 240.9 EnW
2/3 1/2 1/2
topology IP for w<3 LP LP
mixture
IP and LP
for 3I<w < T
LP for W>T
{(Pr) -5 P 6,25 FPp. VP + M5 /0435
W - effective mass of the hadron system, GeV

FH;— transverse momenta of pions,

f -

1P -

invariant phase apace

FaV

function of the tranaverse momentum

17 - limited phase space, LP=IP-[] exp(£(Pop, ))

10

6

Te
Be
G
10.
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