MHCTUTYT SAIEPHOY ®U3HMKHU CO AH CCCP

S.E. Baru, M.V. Beilin, A.E. Blinov,

V.E. Blinov, A.E. Bondar, A.D. Bukin,
V.R. Groshev, S.G. Klimenko, G.M. Kolachev,
A.P. Onuchin, V.S. Panin, I.Ya. Protopopov,
A.G. Shamov, V.A. Sidorov, Yu.l. Skovpen,
A.N. Skrinsky, V.A. Tayursky, V.I. Telnov,
Yu.A. Tikhonov, G.M. Tumaikin, A.E. Undrus,
A.lL Vorobiov, V.N. Zilich

MEASUREMENT OF THE BRANCHING RATIO
FOR Y(1S) STATE INTO pu~ AND SEARCH
FOR DECAYS T(15) — atx, KT¥K-,pp

PREPRINT 91-110

= ME

HOBOCHUBHUPCK




Measurement of the Branching Ratio
for Y(15) State into ptp~ :
and Search for Decays T(15) — ﬂ""r_,K__"K_, PP

S.E. Baru, M.V. Beilin, A.E. Blinov,
V.E. Blinov, A.E. Bondar, A.D. Bukin,
V.R. Groshev, 5.G. Klimenko, G.M. Kolachev,
" A.P. Onuchin, V.S. Panin, I.Ya. Protopopov,
A.G. Shamov, V.A. Sidorov, Yu.I. Skovpen,
. A.N. Skrinsky, V.A. Tayursky, V.I Telnov,
Yu.A.Tikhonov, G. M. Tumaikin, A.E.Undrus,
A.I. Vorobiov, V.N. Zilich P

Institute of Nuclear Physics
630090, Novosibirsk 90, USSR

ABSTRACT -

In the experiment with ete -beams performed at the ‘\“‘iil"lh'fl‘
storage ring with the MD-1 detector we have measured B, the branch-
ing ratio for the decay of T(18) state into gt p~. We obtain B, =
(2.12 4 0.20 + 0.10)%. Tt is shown that the continuum and resonance
interference should be taken into account. For the first time the upper
limits on the branching ratio for the decays T — ata ", KtK~, pp
have been’obtained: B, (YT — #tx=) < 5- I_U“‘, B. /(Y- (KtK™) <
B0 B — pp) < 5. 107% : - .
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INTRODUCTION

Recently many experiments measuring the Y leptonic decays have been
performed [1-10]. In this paper the result of a new measurement of the
branching ratio for the decay T — pwtus (B,.:) is presented. We also have
measured the upper limits for the decays Y — ntr~, K+K— pp which
hadn’t been measured before. The experiment was carried out using the
MD-1 detector at the VEPP-4 storage ring. We observed the production of
the T in ete -collisions. Collinear and multihadron events were selected.
A signal from the resonance in the ptp~-channel was observed as the small
Increase in muon yield at the resonance peak with respect to the quantum
electrodynamic (QED) continuum. For the continuum subtraction the data
collected in nonresonant region have been used. In order to determine ok
we first obtain B, = ¢ /" where o/ and ol are the total resonance
cross sections for muons and hadrons respectively. When e-p-T universality
1s assumed, we have

‘BHH = Em:/(l + 331!45)' | | (1)

Experimental data were taken during two runs, the total integrated luminosity
is 20.4 pb~'. During the first run 3.4 pb~?! at the continuum and 5.1 pb=1 in
the resonance were collected. At the second run the energy range scanning
was performed in a mass region /s = 7.6 = 10 GeV.

1. EXPERIMENTAL APPARATUS

The layout of the MD-1 detector is shown in Fig. 1. Charged particles
are detected by 38 proportional chambers covered a solid angle of 0.8 x 4w sr.
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Fig. 1. The layout of the MD-1 detector. I—magnet yoke, Z-magnet winding, 3-vacuum
chamber, 4, 8§, 10-shower-range chambers, 5-scintillation counters, 6~coordinate chambers,
7-gaseous Cherenkov counters, 9-muon chambers.

The particle momentum measurements are performed in a solid angle of
0.4 x 47 st with the resolution o,,/P = (5+7%) - p, where pis in GeV/c. The
coordinate system is surrounded by 24 scintillation counters (SC) placed at
the sides of cube. Four counters have been mounted at the each side. The
scintillation counters provide the time-of-flight resolution o¢or = 1.1 ns (rms)
and cover 90% of the total solid angle. Photons and electrons are detected in
the shower-range proportional chambers which consist of 14 separate units.
Each uilit contains 10 chambers alternating with 13 mm thick stainless steel
plates. The chamber wires are joined in the strips with a 4-10 cm width. The
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adjacent chambers measure two orthogonal coordinates. For the energy loss
measurement the amplitude of each chamber is used. A solid angle covered
by the shower-range chambers 1s of 0.8 x 47 sr. All these elements of MD-1
are placed in the transverse magnetic field.

The muon system consists of 48 units with dimensions 65 x 1.36 m.
Each unit contains two proportional chambers which measure two orthogonal
coordinates with an accuracy ~ 25 mm (rms). The muon chambers are placed
behind the coil (¢t ~ 420 g/cm? inside the yoke (¢ ~750 g/cm?), and behind
the yoke (¢ ~1000 g/cm?)). The muon system covers ~ 60% of the total solid
angle. :

The calibrations of the storage ring energy were carried out by the method
of resonance depolarization [11, 12]. The synchrotron radiation photons
scattered by the oppositely moving beam were used to control the beam
polarization [13]. '

Two types of the trigger logic (T}, T2) were used during the experiment
and two different data sets have been taken. In the trigger firing of at least one
scintillation counter and iwo proportional chambers (7} ) or two shower-range
units (7% ) situated on both sides from the beam axis are required. For the Th
trigger at least two chambers in one unit which measure different coordinates
must have fired. The trigger efficiency for the QED process ete™ — putpu~
is 35.7% and 44.9% for T and T, respectively.

A more detailed description of the MD-1 detector can be found elsewhere
[14, 15].

2. EVENT SELECTION AND
THE MAIN BACKGROUND PROCESSES

The collinear events were selected in two stages. The first one consists of .
soft cuts to obtain the low multiplicity events. At least 2 and no more than
4 scintillation counters are required. Only events with one or two clusters in
the shower-range units are used for the following analysis. The total number
of the chambers in one cluster must be more than 4 and at least 2 chambers
in each projection are demanded.

The particle tracks were not reconstructed separately. Because of the
collinearity of the putu~ events, the common track was reconstructed. For
noncollinear events the missing chambers appear, i.e. the chambers where
the track intersection point is situated far from the hit (> 50 mm). In order
to select the collinear events the number of the missing chambers (N,,, ) must
be less than 9. If 2 or more adjacent chambers are missed the condition
N,, < 5 1s required.




These requirements effectively remove the events fromr the reactions
ete~-hadrons, ete™ — 77~ and ete™ — ete putu~. Using Monte-Carlo
simulation we estimate the background contribution of 0.5, 0.6 and 3.2%
respectively. The contributions of all the background processes in this section
are given compared to the QED process ete™ — utu~ at /s = 9.6 GeV.

At the second stage more detailed cuts are applied to reject cosmic ray
(CR) and Bhabha events. Muon time of arrival and tracking information
gives the following criteria to remove the CR background.

1. The minimum distance (R,) from the track to the beam axis must be
less than 16 mm and 32 mm for 6 > 45° and 6 < 45° respectively, where 8 is
the angle between the beam axis and the track.

2. The event origin along the beam direction must be within +4-0, of the
interaction point, where o, is the longitudinal rms spread of the luminous
region.

3. The average time of the scintillation counters (7;) must be within
+2 - o401 of the bunch crossing time.

4. The time of flight (7}) must be within the interval [-4. ns, T,], where
T. is the parameter of the cut (Fig. 2). After all the cuts the cosmic ray
contamination of about 5%-is remained. The cosmic ray events rejected by
cut 3 were used to find the CR background. The loss of the ut i~ events due
to cut 4 was determined using the left slope of the time-of-flight distribution
(Tf < T¢). In order to estimate the systematic error the dependence of the
corrected number of ™ -pairs on the cut parameter T, was examined (Tab.
1). The correction accounts for the cosmic ray background and the loss of
the 1 u~ events.

Table 1.

The Corrected Number of pt i~ Pairs

T., ns | The p-pair loss | CR background | The number of
% % pt u~-pairs
1.56 7.9 £ 0.3 2.6+0.2 9660
2.12 L 3.4+ 0.3 9669
2.69 1.2:£0.2 deE 04 ' 9672

The result doesn’t depend on the cut parameter and we egtimate the systema-
tic error due to the cosmic ray subtraction to be less than 0.5%.

Because of the transverse magnetic field in the detector the electrons from

the single bremsstrahlung process (SB) give the accidental coincidences with

events
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Fig. 2. The time of flight distribution for two data samples:
-2 01t <Ti <2-00f; g2 — Li < —2-0pof and T;; > 2 - Gor.

cosmic rays. The count rate of the SC system due to the SB process was
30 =40 kHz. When a cosmic muon and a SB electron pass through the same
scintillation counter, with the muon coming later, the time of the counter is
naturally in coincidence with the bunch crossing time. The measured conta-
mination by these events is 0.7 4= 0.2% and this result is in a good agreement
with calculation (0.5 £ 0.2%).

The following cuts were used to remove the Bhabha events.

5. The average energy deposition (E.) per shower-range chamber must be
less than 5 keV. To improve the e — p separation we excluded about 40-:50%
of the chambers with minimum and maximum amplitudes and the remaining
chambers were used to calculate F,. For muons the E. distribution has a

tlose to Gaussian shape with mean 2.4 keV and rms deviation 0.5 keV.

6. For ete™ events the hits in the shower-range chambers are wide, i.e.
one hit consists of the several wire’s groups. Often two and more hits in
one chamber are appeared. For ptpu~ events the chambers mainly have
single-group hits, and the additional hits are usually absent. In Fig. 3 the
two-dimensional plot for muons and Bhabha events is shown. The number of
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Fig. 3. The two-dimensional distribution over the N g and Ny,.

the additional groups N, and additional hits N, are on the axes. The events
are classified as background if Ny >9orif Ny >3 and N, > 0.
7. The energy deposition in each scintillation counter must be less than
12 MeV. It’s possible to use the SC amplitudes for e-u separation because
1.7X¢ of material is before the counters. Since there is no correlation between
the two SC amplitudes, the Bhabha contamination could be determined.
The contributions of the main background processes are shown in Tab. 4.

The hadron events were selected using the momenta of the particlesy

and the multiplicity. We classified the events as multihadron if a) more than
3 charged and neutral particles were detected, b) the sum of the momenta
(I Zp; |) more than 300 < 700 MeV (depends on the charge multiplicity),
c¢) the sum of the momentum projections at the beam axis was less than
2/3- | Zp; | (to suppress two-photon background).

8

3. SIMULATION

The detection efficiencies e, ¥, e were determined by Monte Carlo
simulation of the reactions ete™ — utpu—,efe” - T — putpu—, T —hadron
respectively. The simulation can be divided into two parts. The first one is
the simulation of the particle production in the ete -annihilation. In the

second part the particles go through the detector. This computer code takes

into account the interactions of the particles with the matter of the detector

16]. :
[ For QED process ete™ — utpu~ the simulation with radiative correc-
tions up to order a® was used [17]. The computer code [18] generated the
put = v final state with a photon energy k larger than a certain cut-off energy
kq, or the ptp~ final state if k was less than k;. The cut-off energy was
k;y = 50 MeV and the energy of the hard photons was restricted by the
maximum energy k,, = E - (1 — £*), where £ is the ratio of the muon mass

~and the beam energy FE.

The total cross section o, for the process ete™ — utpu~ was calculated
using the formula from the paper of E. Kuraev and V. Fadin [19] where the
radiative corrections up to order a* have been obtained.

For ete™ — T — utpu~ the photon emission by the initial state particles
is suppressed. Therefore the detection efficiency e/ was obtained from the
same simulation as for ete™ — u*u~ but with the photon emission in the
final state only.

The efficiencies of the chambers and counters were determined with the
cosmic rays during the experiment and were used in the simulation.

The trigger and detection efficiencies for two types of the trigger are shown
in Tab. 2. In the last column the result of the simulation without radiative
corrections is shown. The first error is the simulation statistic uncertainty
and the second error is defined by the efficiency uncertainty of the chambers
and counters.

Table 2.

The Trigger (g) and Detection (g4) Efficiencies

Without RC

Dataset | % | ete” — putu” A
7 e, | 35.7+03+04 | 40.9+08+0.4 | 41.6+0.9+0.4
eg | 23.2+03+03|329+08+04|356+0940.4
i1z e, | 449+04+0.2[51.4+08+02]52.2+0.940.2
| eq | 292403402 | 41.4+0.8+0.2 | 44.7+£0.9£0.2
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Fig. 4.. The visible cross section ete— — 4t f i,

The simulation of the hadronic decays of the T was carried out
with LUND6.3 computer code. The detection efficiency e was obtained to

be 87 4+ 2%. The contamination of the decays T — 777~ was estimated to
be 0.3%.

4. MEASUREMENT OF THE QED CROSS SECTION

Our event selection resulted in the visible cross section o,(s) of Fig. 4.
The fitting of the experimental data (excluding the resonance region) was

carried out with one free parameter: the continuum cross section o

e al
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v/5.= 9.46 GeV. In Tab. 3 the results of the fit for dlﬂ'erent energy mtervals :

are shown.

Table 3.

The Continuum Cross Section o2,
for Different Energy Intervals

Run | Trigger | /s, GeV oy., Nb
1 T 9.42 = 9.50 | 0.331 4 0.027
T 9.42 =+ 9.50 | 0.384 4+ 0.015
8.00 = 8.66 | 0.404 + 0.020
2 T 8.66 = 8.86 | 0.392 4 0.012
8.86 = 9.43 | 0.413 + 0.012
9.43 = 0.02 | 0.397 4+ 0.010

Taking into account the detectmn efficiency (Tab. 2) and combining all.
cr,u measurements one obtains the total cross section for the reaction ete™ —

pTu~ at the continuum

oc = 1.362 + 0.018 4+ 0.035 nb.

The systematic error accounts for uncertainties in the detection efﬁcmncgf
(1.2%), background subtraction (Tab. 4), and absolute luminosity calibration
(2.1%). The measured cross section is in a good agrecment with theoretical
calculation o4 = 1.404 nb.

Table 4. -

The Background and Systematic Errors

The source of background | Background | Systematic
% error, %

| cosmic rays 4.9 0.5
ete” —ete 2.1 0.4

CR and SB coincidence 0.7 i
ete~ —hadron (simul.) 0.6 0.2
ete™ — r¥1= (simul.) 0.4 0.4
ete™ — ete ptpu~ (simul.) 3.2 0.7
sum 11.9 ]2 1

The results of the luminosity calibration that have been used in the B

measurement (section 5) are given bélow.
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For the luminosity measurements mainly the elastic ete™-scattering at
small angles (SA monitor) was used [20]. In Tab. 5 the results of the monitor
calibration that was carried out with the processes double bremsstrahlung
(DB), Bhabha scattering at large angles (LA, 6 > 45°), and e+e™ — ViV
(MM) are shown. It contains. also the result of relative calibration for two
runs using Bhabha scattering at middle angles (MA, 12° < 6 < 45°). The
detection cross section csa of the SA monitor is different for the first and
second runs. This difference is associated with the modification of the SA
monitor in the shutdown between the runs.

- Table 5.

The Results of the SA Monitor Calibration

Method | Run | osa % 1022 cm?, /S =9.46 GeV | 0i, /02, —1, %
DB 1 3.58 4+ 0.05+ 0.06
1 3.754 0.07 &+ 0.04
LA : +0.06 b a2
2 3.51 4 0.08 = 0.04
1 3.88 £0.13
MM +0.05 8.94 3.6
e 3.56 4 0.05
MA —_ 6.0+ 1.8

5. B,, MEASUREMENT

The lowest order cross section for reaction ete™ — p*p~ incorporating
a resonance with mass M, total width Ty and leptonic width T'.. reads [21]

oi(s) = o (142 Re{Bla)}ik | Bs) ), (2)
i 16 s ! i 3 i Fcc
B(S]_S——.ME—}-E"Ptnt'N‘ ﬁ_Q‘M.J

The three terms in Eq. 2 give the QED (o,), the interference (o) and
the resonance (o) cross section. The experimental cross section is quite
different from the cross section o; because the machine energy has certain
width o, and also the energy of the initial state electrons is degraded by the
bremsstrahlung emission [22, 23]. The muon cross section was approximated
by the following formula :

12

)

o

| ol = ot (u) + oteto,(w) (M), @)
where w is the center of mass energy.

Two parameters were free: the observed cross section at the continuum
o#(M) and the resonance’s excess above the continuum a¥,  The zatio

ou(w)/o, (M) that gives the shape of the resonance curve was calculated by
the formulas ;

ou(w) = f dw'" F(w, w")[on(w") + or(w")|(1. +6.) = o7 (w) + os(w),

B

F(w,w") = i.-_: (2;:”) F(j’:_?rt) fﬂ:])vm;%2 D_i(—z), (4)

w— w' 2 2
o T M, T 3 2 AL

where m, is the electron mass, a is the fine structure constant, I'(1 + ¢) is
a gamma-function, D_;(—z) is a Weber’s parabolic cylinder function. The

hadron cross section was approximated by the same way as the muon cross
section (Eq. 3)

h h h ]
oh(w) = ol (w) + P elar, (w) /o, (M),

- The continuum and resonance interference for multihadron events is negli-
gible and the shape of the hadronic resonance curve was calculated without
Fhe interference term in Eq. 4. The results of the data analysis are summarized
in Tab. 6, where the ¢# and ¢ cross sections, the measured number of

Table 6.

The Resonance Cross Sections for Hadrons and Muons,

Nyps Buy for Two Different Data Sets Ty and 75

o, nb Lok nb Npup BM“ %
T1 | 15.8+0.13 | 0.348+0.045 | 276 + 36 | 2.20 +0.28
T5 | 15.44+0.14 | 0.357 +0.042 | 339+ 40 | 2.324+0.27

13

L P —

.,..,_-...




p-pairs from the resonance decays (N,,), and B, are shown. The errors are

“ statistical and were obtained by the fitting with fixed value of the continuum

ok, . fh
Using Eq. 1and adding the statistical error due to the continuum subtrac-

. tion we obtain the branching ratio: B, = 2.12 4 0.20%.

The systematic error for the branching ratio B, is determined by the
acciiracy of detection efficiencies e# (2.2%), e (2.0%), and by the following

- three effects: a) the luminosity instability, b) the storage ring energy instabili-

ty, c) the :backgmund from the T decays into hadrons. All these effects are
described below. _

The main data at the continuum were taken in the second run. In order
to use it for the continuum subtraction, the cross section in the second run
was scaled by o3, /0%,. This ratio was obtained using LA and MA monitors
(Tab. 5) and the final systematic error was estimated to be 3.2%.

The ratio of the muon and hadron yields from the T decays gives the

~ branching ratio B, when the center-of-mass energy w is equal to the resonan-

ce mass M (without radiative correction). If w is not equal M, the interferen-
ce between resonance and continuum should be taken into account. In Fig.5

'O_r,Q_i, nb L/ Or
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-0.2 I-tll].lI!II!IIII_IIIII[:II.J_!?EI!I!.I_LJ_IEIIII —D.2
L96 —ABiet0l 5. 0: 50 5.0 20
NS — M, MeV

'Fig. 5. The calculated cross sections o, (—), o (- - -), and the ratio o} Joe (-+°)
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the calculated cross sections oy, o,, and their ratio are shown. In the calculation

the leptonic width I';, = 1.34 keV and the VEPP-4 energy spread o, = 4.62
MeV were used. Ratio o; /o, gives the alteration of the B, value dependent
on the center-of-mass energy if the interference i1s omitted:

dB,, d

dw  dw

Usually, the energy of the beams is obtained from the magnetic field value in
one of the storage ring magnets. This energy (w,,) may be different from the

real energy (w,) by a few MeV. On the other hand the changes in the storage
ring regime and the temperature instability of the ring geometry result in the

(03/0s) = 3.25%/MeV.

instability of the w,, value. The resulis of the energy calibrations which were.

performed with the method of resonance depolarization are shown in Fig.6.

Wr—Wm,MeV

-2

-3 .J...LJ_..I.._I_L_.I_LJ_L_L.L..L.I_I_I_I_LI_LL.L
25/ HiBOL G FE L AD0M W 1281 150 AgE! i ~000 w295
11.11.83y. ~ days 09.06.84y.

Fig. 6. The results of the storage ring energy calibration.

The connection of the w,, value with the real energy w, was taken from
two nearby calibrations. The systematic error for By, associated with the
uncertainty of the beam energy is 0.8%.

The contamination of the T hadron decays was determined from the
simulation and it was estimated to be 1.2%40.7%.
Finally, the probability of the reaction T — putpu~ is

B, = (2.1240.20 + 0.10) %.
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SEARCH FOR DECAYS YT - «tx~, KtK, pp

For the upper limits measurement the collinear events with § > 45° were
used. The p-pairs rejection have been performed using the muon chambers.
The chamber firing was checked if the reconstructed track pass through the

“muon chamber. The particles were classified as muons if at least one chamber
inside the yoke or behind the yoke was fired. If muons weren’t revealed,
the events where the number of the track’s intersections with more than
1 ronfiring chambers were selected. To reduce the background from the
teaction ete — ete~ut u~ the additional selection conditions on the vertex
parameter R, and the maximum momentum of the particles P were imposed:
R, < 10 mm and P > 2 GeV. If the particles momentum wasn’t measured
the cut was By, < 5 mm. There wasn’t any hadron identification.

Finally, we have obtained 5 events in the resonance (in the interval +o,,

near the resonance peak, [ Ldt = 5.1 pb~1) and 21 events at the continuum - :

(f Ldt = 15.0 pb~'). The measured number of events is in a good agregment
with expected background from the reactions e*e” — utpu~, ete” —
— ete utu, ete” — ete”. From MC simulation the background was
estimated to be 2.5+1.0, 3.0+ 3.0, 2.3+ 1.5 events respectively for integrated
luminosity 5.1 pb~!. The contamination of the multihadron events is negli-
gible. The data fitting was carried out for two different assumptions about
energy dependence of the continuum cross section: const and ~ 1/s. Less

than 4.3 (90% CL) two-hadron decays of the YT were seen, and the result

doesn’t depend on the fitting method.

The detection efficiencies were obtained from MC simulation and estimated
to be 114+ 2% for T — «r, KK and 6 + 1% for T — pp. The angular
distribution of the collinear pseudoscalar mesons was simulated as sin’(6).
For protons the angular distribution can be written in the form: do/dQ) ~
~ 1+ a-cos?(f). We put « = 1.0, that is close to the calculation [24]:
a >~ 0.92.

Finally, the upper limits on branching ratio for the deca.ys T — atn 4+
+K*K~ and Y — ppis 5-10"% and 9 - 10~* respectively (90% CL).
Theoretical estimations give essentially less branching ratios. For example,

the calculation with QCD sum rules [25] gives the following branching ratios:
Brr ~5-1078 Bgg ~ 1077, B,z ~ 1077,

CONCLUSIONS

The result obtained with the MD-1 detector for the branching ratio of the

decay T — putu~ agrees with the results nf the previous experiments (Tab.
7).
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Table 7.

The Branching Ratio for the Decay T — putpu_
Obtained in Different Experiments

B 7o Experiment Reaction

2.2+2.0 PLUTO [1],79 | YT - utp

+3.4
1.4 ‘| DESY-HD [2],80 | T — ptu~

—-1.4
3.8+1.54+0.2 LENA [3],82 | T — ptp—
3.241.3+0.3 DASP ' [4],82 |'T - ptu-
2.740.3+0.3 CLEO  [5,83 | T — ptu-
07040284014 | CUSB  [6],83 | T — ptu-
0.844+0.18+0.20 | CLEO  [7],84 | T = ata=1; T — ptp~
2.30+0.25+0.13 | ARGUS [8],87 | X —ata X; T - ptp”
2.614+0.094+0.11 | CUSB  {9],80 | T — ptu=
2,52+ 0.0740.07 | CLEO  [10],89 | T — ptu~
2.12+0.20+ 0.10 | MD-1 this exp. T e vnhus

It should be noted, that an absolute calibration of the beam energy is
necessary and the continuum and resonance interference should be taken
into account. Otherwise, the additional systematic error in the B, value is
possible. The two last experiments with the least statistical errors have been
carried out using the CUSB [9] and CLEO [10] detectors at the CESR storage
ring. The calculated value dB,,/dw for the CESR energy spread o, = 3.23
MeV [26] is 4.5%/MeV. The systematic error because of the interference

wasn’t discussed in above mentioned papers.

For the first time the upper limits on the branching ratio for the decays
Y — ntx~, KtK~, pp have been obtained. The experimental results are
substantially larger (c-f 3 + 4 orders) than theoretical predictions.

We wish to thank the VEPP-4 and MD-1 operating staff for their assistance
during experiment. We also wish to thank E.Kuraev and V.Fadin who
participated in discussion concerning the radiative corrections.
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A
Ho MCDEHHC OTHOCHTCIBHON BCPDOIATHOCTH

pacmapga T(15) cocTosHus b utp”

U HOMCK pacmafon Y(15) —» x*x~, K*K~,pp

OrpeTcrnennpii na npnryek C.I7, ITonos

Patora nocrynuna 25 okradps 1991 r.
[Mopmicano B neyars 25.02 1992 r.

hopaaT Bymarin 60x90 1/16 O6mnear 1,3 new.a., 1,0 yu.-nag.o.

Tnpax 220 nkn. Becnmarno. 3akasz N 110

O6patorano na IBM PC 1 orneuarano na

~ poranpunte D unm UL Bygkepa CO PAH,
Hosocubupew, 630090, np. axadesmuwa Jdaspenmveea, 11.




