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ABSTRACT

The experiment at VEPP-4 storage ring with the detector
MD-1 has been performed. The main feature of the detector is

the transverse magnetic field to the orbit plane. The integra-~

ted luminosity of 10 pb-1 has been collected, about 105eventu
of Y -meson production have been detected. The prelimi-
nary results on two photon processes ale” %" % a+e",

e +MT el iy * hadr., and also leptonic
width and mass of Y -meson have been obtained.
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*submitted to the XXIT International Conference on High Energy
Physics, Leipzig, 1984.

During the last running period (1983-1984) the storage
ring VECPP-4 with the detector WD-1 was operating in the energy
region of Y =-meson. During this time the integrated luminosity
of about 10 pb-1 wag collected, including 2 pb-1 obtained in
the energy scanning mode in the resonance region for measure-
ment of leptonie width and mass of Y' -meson. Of shout 105

Y-mesons are detected in all, During all the experiment a
" 2¥ ~trigger" was operating.

Up to now only small part of date has been analized and
here we present only preliminary results of the nerformed ex-
periment.,

Scheme of 'he w=1 1= shown in Fig.1,2. Hegnetic field
in the detector is transverse to the orbit plane, field strength
is 11.3 k0s. Inside the coil there are coordinate chambers,
gcintillation counters, gas Yerenkov counters and shower-
range chambere. In addition the muon chambers are placed bey-
ond the coil, inside and beyond the yoke[1,2].

From both sides of the main magnet there are additional
bending magnets and system for tagging of scattered electrons
in two photon processes (SETS), The distance between lenses
nearest to the detector is 9.5 m. Of course large distance
restricte possibilities for increasing the luminosity by de-
creasing of p ~function, but allows one to obtain high detec-
tion effici:cy for scattered electrons. SETS detects electrons
scattered forward with the energy loss (E4=E)/E,= 0.45-050.
Blectrons with the beam energy are detected at the angles
Q@ = 12 - 100 mradn.

In Pig.3 the detection efficiency for scattered electrons
is shown as & function of the mass ¥ of the produced system for
the energy EB = 5 daV, l.ower curve roilers to the case when
both electrons are detectied, upper - or detantion oi o7 lengf
one elaglron,

iete, that the employment of the trangverse magnetic field
in the deiector D=1 has =zllowed us to obtain one order of mag-
nitude higher detection efficiency in comparison with detectors
having a8 longitudinal magnetic fleld, where electrons can be
detected only due to a scattering angle [1 5] v




Iﬁ the trigger scintillation counters, coordinate cham-
bers and shower-range chambers are used. For Y -meson the de-
tection efficiency is 99% for Y —shadr 79% for Y — YF(2.€)
—> YK'K". For the two photon processes trigger efficiemcy is
40% for ¥¥ —shadr, .

Por two photon processes an additional trigger was arran-
ged, which required a detection of both scattered electrons. In
this case the requirements in the central detector are softer and

the efficiency in this detector is 60% for the ) -hadr. process.
The luminosity is measured by the processes of single

Bremsstrahlung snd Bhabha scattering at small angles.

The events of elastic scattering at small angles are detec-

ted by 12 scintillation counters. The counting rate is about
0.1 kHz at the luminosity 5.103Gcm'25"1, the background is 10%
of the effect. The error in the calculated detection croas
gsection is determined mainly by complicity of the geometry and
ig about 20%. To provide high stability of 1luminosity mea-
surements this system ensures compensation from beam displa-
cement or inclinations. Besides , in the vertical plane the or-
bit position is fixed by the feedback from the ionization cham-
bers measuring the centre of synchrotron radiation beam [4,11].
The control of the luminosity by ratio of numbers of electrons
scattered up and down shows that instability of thie ratio is
1.5%.

Detection of bremsstrahlung photons is performed Dboth
in electron and positron directions, the background level due
to residual gas does not exceed 0,02%. Note that for calcula-
tion of the cross section for ée —» &ejy one should use formu-
lae taking into account the effect of restrictions of impact
parameters by transverse beam sizes [3] . Besides that at

Eg = 4.7 GeV an additional contribution 30% from g’ —» e
to the counting rate comes from the process of Compton back-
scattering of synchrotron radiation on the colliding beam

¥e > ¥'e.

The systematic error of this method of luminosity monito-
ring is about 10%. It is determined by errors in the knowledge
of beam esize sand detection threshold. The ratio of Iuminoei-
ties measured in electron and positron directions was constant
during the experiment with the accuracy of 0.5%. The ratio of

luminoeities for emall angle scattering and single bremestrah-
lung was stable to within 2%,

The sbsolute calibration of the luminosity measurement
has been performed by the process of double bremastrahlung
g'e —» e +¥¥, the cross section of which can be calculated with
accuracy better than 1% [5] . At this moment we estimate the
aceuracy of absolute luminosity measurement to be 3%.

Experiment

The experiment was carried out from November 1983 to June

1984, At the beginning, the minimum p-function and the lumi-

nosity were the following: h =19 cm, Iinax'3 . 1030011?25'1

In January 1984 the Pa -function has been decreased to 12 cm,
allowing an increase of the maximum luminosity up to Lhax =
= 5.10 ﬂ_ The total integrated luminosity is equal to 10 ph-1
including 6 pb'1 in the Y -resonance region, 2 ph-1 off the
resonance, Another 2 ph'1 have been collected by means of scan-
ning the resonance region. The background measurements were
made with separated beams during 15% of the total time. |

In order to exclude the possible dependence of the detec-
tion efficiency on the beam polarization during the data ta-
king, the beams were kept unpolarized using the depolarizer.

Data taking in April was made in the following special
way. The measurement of the leptonic width and mass of the

Y* -meson required a repeated scanning of the T' -resonance

energy region and several calibrations of the storage ring
energy per day.

The energy calibration was carried out using the reso-
nance depolarization method developed in our Institute in
1975 [6] . This method has been used for high precision mass
messurements of ¢ -meson [7] , charged [8] eand neutral [9]
xaons , Yand Y mesons [10] and also Y, Y’ Y'-
mesone (11, 12] . Similar to our previous experiments the me-
thod of synchrotron radiation backscattering on the colliding
beam developed in our Institute [4] was used.

The accuracy of energy measurement depends on the beam
polarization degree and was In average of 0,07 MeV (in mass sca-
le) during the experiment. About 90 energy calibrations have
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been carrled out. The calibrations were performed in the be-~
ginning and in the end of runs, the direction of the depocla-
rizer frequency was varied. Besides that, several specisl

uns with continuous energy calibration have been carried out.
These mezsurements heve shown that the energy instability during
a few hours is not more than 0.08 MM in mass scale), the depo-
larizer band width is 0.24 i 0.05 MeV.

2 ¥ ~-processes

1. YI —= e'e”. Por the first time this process has
been observed at the VEPP-2 storage ring [13] . The present
experimental situation is described in the reviews [14, 15] .
e totel erops gaction of this process is equal %o T . 10°nb

at Bﬂ= 5 Gave. The kinema.icy of nnriicles in thlz procems i
rimiizyr (o one pf the process of electron-positron pair vro-
dnetion by synchrotron radiation photons on the electrone of
co0lliding beam. At the beam energy EE= 5 CeV the counting ra -
tes »f both these processes have comparable order of magni-
tude under the conditisne of our experiment. At the energy
Zg~ 1.8 GeV the counting rate of Yype -»e + de process is
negligible in comparison with dé —» e + ee counting rate,

Therefore we have performed the experiment on e —» ee+ee
reaction at the emergy Ep= 1.8 GeV. In this experiment only
the produced pairs were detected. In Fig.4 the distribution
of events on the pair effective mass is shown. Up to now the-
re have been no experimental data for such small invariant
masses, At present Monte Carlo simulation of this process is
being fulfiled using the Vermeseren program [16] . The de=-
tector operation is “omnmutar-modelled [17] .

2.  Y§ - pM'pc,For the first time this process has been
observed at the storage ring ADONE [18] . The present experi-
mental situation is described in reviews (14, 15] . In our ex-
periment up to now, the total integrated luminosity 1.3 ph“1
hag been snalized. The events with two detected scattered
electrons were selected. Both electrons were required to be
off the horizontal region of ¥2 mm width containing the main
part of =ingle bremsstrahlung background in proportional cham-

bers of tzgging system. In the central detector iwo partic-

les were required to be in shower-range chambers, The number
of selected events is 189. The visible cross-section of the

resction 6 — €e +pM¥ is equal to 0.12 ¥ 0.01 % 0.03 nd™Y The

llonte Carle simulation gives 0.11 % 0.03 nb.

The analygsis of the total experimental data is expected
to give about 2000 events.

3. XX - hadr. The measurement of the totsl cross-
section is very interesting because it will allow the theory to
establish =2 connection between NN , ¥N znd ¥¥ processes.
For the real photons dependence of the cross section on the

effective mass of the Y)¥-system can be written down in the

form:
G}g: A+ B . J;}
- w w

The experimentel results hnve been obtained in 1979 by

PLUTO [21) end in 1980 by TASSO (22] . The detailed annalyeis

of the problems of extraction ﬁa, from experimentel deta is
given in the review by M.Kolanosky [15] The main nrohlema
the following:

n), The effective mnss qvn‘ determined by centrsl detec-
tor, is less then the actusl mass W. The esnecinlly large error
zrigeg in the small mnes recion W <€ 2 GeV,

b). The model Aenendence on the nhoton maes, extrapolation
to @°=0,

¢). The model for the reaction JJ -»hadr.

In our detector when the both scnatitered electrons sre de-
tected there are no problems a) nnd b). Ve hope slso,that re-
quiremente to the model in our cnacse are not so stringent due
to sufficiently high effeciency irn the central part.

Un to now the integrated luminosity of 1.3 pb'1 has been
snalized under the seme tezzing condition as for Jf —spdp

In the central detector it wnss required that the totsl
rnumber of charged particles and ¥ ~qusnta to be grester
than 2. Under these conditions 63 events in the effective mass
region between 0.5 and 4 GeV hes been selected. The total eana-
lysis will give about 1 thousend events. The optimizention of
the model, describing XY —» hadrons kinematics is in progress.



Y -meson

 # rua. The experimental result on the leptonic width

are [26] :

1.33.2 0.14 1979 PLUTO
1.35 ¥ 0.11 ¥ 0.22 1980 DASP II
1.13 ¥0.09 Y 0.08 1982 . LENA

1.15 ¥ 0.05 2 0.10 1983 CUSB

1.30 £ 0.05 20.08 1984 CLEO [27]

Let us psy your attention to the radistive corrections.
Ususlly for correction of experimental data the formulas from
the work [30] is used. Recently E.Kursev and V.Fadin [28] have
carried out the caleulation of the radiative correction with
the high accuracy. They have shown that result of the ‘nurk[fio]
is wrong. The correct sccount of .the rediative corrections
leads for exemple to change of the leptonic width of Y on
10%.

Qur preliminary result is based on a2 luminosity integral
of 0.9 ph". The results of fitting is shown in Pig.5. The
measured leptonic width is _

fee =1.05 £ 0,04 £ 0,I6 (preliminary).
The lesi number is a ayastem~tic error. Using the formule from
[30] for redintive correction gives result 9% lower.

8 Y -meson mags. Firat high precision measurement of
Y -meson mass was performed by us in 1982 [11] . In 1983 the
experiment was repested [12] . The similar experiment has been
carried out st Cornell [29] . The following values of mase
{MeV) have been obtained:

9460.6 ¥ 0.4 Hovosibirsk

9459.97 ¥ 0.11 ¥ 0,07 Cornell
Our present experiment on f:. measurement gives simultanious-
ly the information on Y -meson mass. Up to now the luminosity
integral 0.9 p‘b'1 has been used. A1l the procedure of analysis
is the same as was in [12] . except account of the radiative
corrections. which was been done according to the work by E.
Kuraev and V.Fadin [EB] . The obtained mass value

My = 94610% 0.3 MeV (rreliminary)
If wa fit the dats with the account of the radiative correcti-
one sccording to the work [30] then the’mass value of Y is
higher by 0.1 MeV.

Besides that we 2nalise now the experimental data to ex-
trect branching ratios Br(Yemac) ana Br(V2¥§)s= Br($+K7K)
{23, 24, 25]. _

In conclusion the suthore express their gratitude to many
of our colleagues whose labor allowed us to nerform the nresent
experiment. We thank E.Kuraev, V.Fadin and V.Serbo for useful
discussions. We thank also J.Ranft, H.Mering, K.Hansgen, Ai.
Schiller, Sh.Ritter for help in development o6f modelling pro-
gramg,
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ILayout of the detector MD-1
(a = upper view. b - section by vertical plane):
1 - central part; 2 - additional bending megnets;
3 - gystem for detection of scattered electrons;
4 = counters for luminosity monitering by small
engle elastic scattering:5 - lenses;6.8 -counters
for polarisetion meassurement by SR;7- counters for
luminosity monitoring by e'e” — ete™f ;9-doubled
ionisation chambers; 10~ lead plate of 13mm thick-
ness;: 11 - lead plate of 5 mm thickness.
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Detector MD-1

1 - magnet yoke; 2 - copper winding; 3 - vacuum
chamber; 4,8 10 - shower-range chambers; 5- scin-
tilletion counters: 6 - coordinate chambers;

7 -~ gas Gerenkov counters; 9 - muon chambers.
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Pig.3. The detection efficiency for one scattered electron (1)

and both scattered electrons (2) in the detection aystem l

of D=1 as a function of W of [l-system Pig.4. Distribution of invariant mass of e*

e~ peir produced in

de »ecbt + de process at the energy Ef 1.8 GeV
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Pig.5. Observed hadronic cross section in the Y energy region
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