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Abstract

The paper describes experiments with the SND detector at VEPP-2M
collider, carried out during the period from October 1995 until June 1997.
The total integrated luminosity of 6.4 pb=! was collected in the energy range
9F = 0.4 + 1.4 GeV (MHAD97 experiment), corresponding to 4-10° u*p~-
pairs produced. Preliminary results of the 1996 ¢-meson experiment (FI196)
are presented. The total number of ¢-mesons produced is 4 - 108, New data
on rare decays of ¢ and n(550) mesons, in particular

B(¢ — ny) = (1.30 £ 0.06 + 0.07) %,
B(¢ = n°%°y) = (1.1£0.2)-107*, (Mgore > 800MeV),
B(6 — foy) = (4.7+1.0)-104,
B¢ — nm°y) = (1.3+0.5) - 1074,
B(¢ = n'y) <1.7-1074,
B(¢ - 21°) <6-10~*
were obtained.

@© The Budker Institute of Nuclear Physics
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1. The MHAD97 experiment

In the end of 1996 the experiments, started in 1995 with SND detector (2,3],
were continued. In the period from October until November the energy range

2F from 600 down to 370 MeV was scanned. The total integrated luminosity

of 80 nb—1 was collected, which corresponds to approximately 3 - 10%u™* p~
and 1047+ 7~ events. The goal of the experiment was to collect data needed
to improve accuracy of calculations of the contribution of this energy region
into anomalous magnetic moment of muon. The data were taken in parallel
with the CMD-2 [4] detector. The energy dependence of VEPP-2M average
luminosity during this experiment is shown in Fig. 1.

In the beginning of January 1997 the VEPP-2M energy was set to ap-
proximately 2E = My and data were collected corresponding to integrated
luminosity of about 200 nb~" or 0.7 10% ¢-mesons produced.

From the end of January until June 1997, in parallel with the CMD-
2 detector, the MHAD97 experiment in the energy range 2F from 980 to
1380 MeV was carried out. Two scans of this energy region were performed:
one — upwards, and another — downwards, with a step of A(2E) = 10 MeV.
The total integrated luminosity collected was 6.3 pb™' at an average lumi-
nosity of 1.3+10% em~2s~! (Fig. 1), and the total number of recorded events
of 108, from which about 3.6 - 10° were ™ p~- pairs, and 10% nt7—- pairs.
In Fig. 2 the weekly schedule of data taking is ghown. The mean event
recording rate was about ~ 23 Hz and average live time ~ 72 %. The raw
events were stored on thirty 8 mm 4 GB tapes.

The main goal of this experiment was a thorough measurement of dif-
ferent hadronic production cross sections, including e*e™ — 2m,3m, 4m, w,
KK, ,KKnr,.... New measurements can facilitate more precise tests of differ-
ent theoretical models (VDM, CVC, ...), check if there are sizable contribu-
tions from radial excitations p',w’, ¢!, and determine the contribution of this
energy region into muon anomalous magnetic moment.

2. Detector performance

The SND detector was described in detail elsewhere in [1-3]. Simultaneously
with data taking the work on improvement of detector parameters was per-
formed. One of the most important parameters is the energy resolution of the
calorimeter for electrons and photons. Primary calibration of the calorimeter
was done using cosmic muons, and final calibration — using Bhabha events.
Recently, progress in understanding of factors limiting the detector resolution



(Fig.3) was achieved. It turned out, that nonuniformity of the light collection
efficiency in the Nal(TI) crystals of the inner calorimeter layer contributed
significantly into calorimeter response. When this effect was included into
simulation program, the disagreement between measured (05/Ey = 5.57%
at B, = 500 MeV) and simulated resolution (cE/Ey = 4.2%) was signifi-
cantly reduced. The next step in improvement of calorimeter response was
implementation of an absolute calibration procedure based on Bhabha scat-
tering events. With such a calibration the energy regolution for electrons and
photons was improved by approximately 10%. Such a modest improvement
with respect to ”cosmic” calibration [5] shows relatively high precision of the
cosmic calibration procedure.

Another important parameter of the calorimeter is an invariant mass reso-
lution oy, /m for particles decaying into photons, which depends on a particle
energy and mass. Table 1 shows values of o /m for #°, 7, Ks w- mesons,
extracted from FI96 experimental data [3].

Table 1: Invariant mass resolution (o, /m) for particles decaying into photons.

Particle w° 1 1] Kg w
Energy, MeV 519 657 657 510 8% .}
Process p=7y | ¢y | ¢y ¢+ KgKr | ¢ = wn® '
Decay mode 7 Syy | nyy | n—=3n° | Kg—=2n° | w— 7%
om/m, MC., % 8.1 2.7 2.9 4.4 1.8
om/m, exp., % i0 2.9 3.5 5.2 2.4

Systematic discrepancy between measured and simulated resolutions, seen
in the Table 1, is still under investigation. For example, in Fig. 4 the w-
meson invariant mass spectrum in the decay channel w — 7°v is shown. It
was obtained during the study of the process ete™ — wn® = 77y,

Before the beginning of MHADO7 experiment the performance of the
drift chamber system was improved, using for calibration copiously produced
collinear ete™- pairs from Bhabha scattering process. The spatial resolution
in transverse direction, determined by the accuracy of drift time measure-
ments was equal to 180 microns (o) on average; the resolution in longitudinal
direction was 3.2 mm (o) for charge division, and 1.5 mm for cathode strip
readout. In Fig. 5, 6 the experimental and simulated distributions over A,
A¥ angles in the Bhabha scattering events are shown. The widths of the
distributions are determined not only by spatial resolution of the drift cham-
bers, but also by higher order QED corrections to Bhabha scattering. The
intrinsic angular resolution of the drift chambers is og = 0.7° in azimuth and
og = 2.2° in polar plane. The performance of drift chambers can also be
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described in terms of impact parameter AR — measured distance between the
track of a charged particle and beam axis, projected onto a plane, perpendic-
ular to the beam (Fig. 7). In the infinite spatial resolution limit the average
AR value must be equal to the transverse size of the beam ¢, = 10 microns,
g, = 200 microns. For the Bhabha scattering events cAr = 0.4 mm was
observed.

The luminosity was monitored during the experiment using the processes
of double bremsstrahlung (by an external small-angle monitor), Bhabha scat-
tering, and 2yannihilation. Listed below are the selection criteria for events
of the two latter processes, used for luminosity monitoring.

For the eTe— — ete~ process: number of particles < 4; number of
charged particles > 2; distance between tracks and beam collision point AR <
1 em, AZ < 10 em; acollinearity angle Ay < 10°, Ad < 25°; polar angles of
both tracks are within 27 < ¥ < 153° interval; energy deposition relative to
the beam energy 0.6 < AE/E < 1.5 for both particles; two-charged-particles
trigger must be produced in the event;

For the ete~ — 4 process: number of particles < 4; number of neutral
particles > 2; acollinearity angle between - quanta Ap < 10°, Ad < 25%
polar angles of both photons are within 27 < ¢ < 153° interval; energy
deposition relative to the beam energy 0.6 < AE/FE < 1.5 for both photons;
Two-neutral-particles trigger must be produced in the event.

The luminosity is determined by the following expression for each process:
N; = Lo, , where i is the fixed beam energy point number; N;- number of
ete— — ete— or ete™ — 7y events; 0,4~ detection cross section, calculated
with an accuracy up to the third order in c. The ratio of luminosities Ly Jlice
for the third scan is shown in Fig. 8. In part of FI96 experiment [3] this ratio
was biased from its ideal value by several percent due to low gain in the inner
drift chamber.

3. Physical results of FI96 experiment

The FI96 experiment itself was described in our previous preprint [3]. In
total, six successive scans were performed (FI9601 < FI9606) with the total
integrated luminosity of ~ 4 pb™?, corresponding to approximately 6.5 million
¢- mesons produced. At present, more than a half of the total recorded data
are available for analysis (scans F19602 + F19604).



31. General description of the SND data analysis
The SND data processing procedure consists of several successive steps [6].

1. Reconstruction of events, stored on primary tapes. For each event a
list of particles with their parameters, including energies, angles, etc.,
is built. Reconstructed events, together with the parameter lists, are
written to secondary tapes.

2. Scanning of secondary tapes and creation of third-generation tapes,
containing certain event classes, e.g. events containing 6-7 photons, or
events with two charged particles and three photons, etc.

3. Events of the classes, mentioned above are downloaded onto hard disks
for further processing using well known application packages PAW [7]
and MINUIT [8), together with packages, developed in BINP: COCHA
data management system [9], GIST histogram code [10}, UNIMOD
Monte Carlo simulation code [11], ART tape archiving system [12] ,
and other programs.

The GIST histogram package calculates parameters, specific for the SND.
Let us list some of them, the most widely used in data processing:

Byt /2E — total energy deposition in the calorimeter, divided by the
center of mass energy 2F;

Eyp,/2E — sum energy deposition in the calorimeter by neutral particles,
measured in the units of the center of mass energy 2E;

Pyt /2E — absolute value of the sum of all particles momenta in an event
normalized by a center of mass energy,

N., — number of photons, found in an event;

N,, — number of charged particles;

%; — polar angle of the i-th particle (particles are sorted in the following
way: charged particles first, then neutral particles, with descending order in
energy within each group);

Ymin — minimal spatial angle between particles and beam axis;

i — azimuth angle of i-th particle;

R; — distance between the i-th particle track and beam axis in R — -
plane;

Z; — Z - coordinate of the i-th particle track intersection with beam axis
in R — Z- plane;

x% — parameter, characterizing quantitatively the degree to which the

energy-momentum conservation law is held in an event, analogous to x? in
statistics;

x2, — parameter, characterizing the degree of likelihood of assumption,
that there are intermediate 7° or 7- mesons in an event;

X2 — parameter characterizing quality of photons in an event (13], [14].

The total number of parameters available under GIST package is more
than 2000. The parameters from this set could be further combined to pro-
duce complex constraints and logical formulas for event selection.

During study of processes with substantial statistics the distributions of
selected events over beam energy were fitted using the following expression:

N; = L(E{) : (U{E;‘) : 5{-5‘:’.) : &beam(Ei) g E(Ei) + 0B (Ei)): (1)

where N; is a number of events in the i-th energy point L — integrated
luminosity in this energy point; ¢ — theoretical cross section of the process
under study; § — factor, taking into account radiative corrections, calculated
for each energy point by convolution of theoretical energy dependence of the
cross section with the probability for a photon with a certain energy to be
emitted [15]; dpeam — factor, accounting for beam energy spread, also ob-
tained by convolution of radiative corrected cross section with a Gaussian
energy distribution of the beam particles; e — detection efficiency for a pro-
cess under study for actual event selection criteria, calculated using Monte
Carlo simulation; ¢ — total visible cross section for all background pro-
cesses, calculated in the same way as for the process under study.

Also were taken into account beam energy corrections in individual scans.

The dependence of theoretical cross section on the beam energy for the
processes proceeding via intermediate vector resonances V = p, w, ¢ was
approximated as follows (see also [20]):

my.Ty.e?vs
oB)=| ¥ o —pom |
i

izps”:'#

(2)

Here o,y is a peak cross section; my, I'v(s) are mass and width of the
resonance respectively,

Dy(s) = m2, — s —i/al'y(s); s = 4E>.

The formulae describing the energy dependence of the resonance widths
(I'v(s)) and corresponding references are cited in [20].

To describe the interference between resonant and nonresonant processes
the following formula was used:

. . .
7(B) = 0o(1 +0' (2B ~ mg)) - |1 - 2752, ®3)



where o' is a derivative of the nonresonant cross section over energy; & is
a complex amplitude of the resonant process.

3.9, Measurements of ¢- meson parameters in the process ¢ —
KgK; — neutral particles

The main goal of the study was to obtain the values of mg, I'y, 00, and
B(¢ =+ KgK) with lowest possible statistical error in order to use them
in the analyses of other processes with smaller statistics and for evaluation
of systematic errors. Given the integrated luminosity of 3.4 pb~! and detec-
tion efficiency of € ~ 15%, the number of detected ¢ — KsKi — neutral
particles events could be estimated to be equal to ~ 105, which leads to a
statistical error in a resonance mass: ~ I'¢/2./Ng ~ 0.01MeV. Since the
FI96 experiment consisted of six successive scans of the ¢- region, the study
of the KsK, production makes possible to check the energy calibration of
the collider. Usually the energy scale of the collider depends on many factors.
To a relatively good accuracy of better than 20 keV the beam energy can be
expressed in the following way: E(B,T)=k-B+r T+C, where B and T
are the magnetic field strength and the collider temperature, k, r, C are the
parameters to be determined during collider beam energy calibration. The
correction accounting for variations of the collider beam circulation frequency
AE/E = -6+ Af/f was also included.

Events were selected with N, > 4, 0.4 < Bt /2E < 1.2, with detected
K — 2n° decay, and measured mg, within 400 + 600MeV interval (Fig. 9).
Detection efficiency for the ¢ — KgKi decay is equal to € = 14.8%. For
the background ¢ — 7y process, imitating the process under study due to
misidentification of photons, it ig equal to &; = 1.1%. Experimental data
were approximated as a sum of the process under study, resonant background
from ¢ — 7y, and nonresonant background. The integrated luminosity was
measured using ete~ — v process. The resonance excitation curve is shown
in Fig. 10 and the results of processing of three scans are listed in the Table 2.

Main conclusions from the Table 2:

1. There exists a discrepancy between ¢- meson mass estimations in the
second and fourth scans: Am = 0.28 + 0.04MeV, which cause is yet
unclear.

9. Tn both 2-nd and 4-th scans x?/Np parameter is small, which is an
argument, in favor of a good beam energy stability during these scans,
at least in the vicinity of the ¢- meson peak.

o

Table 2: ¢- meson parameters from the ete~ — ¢ — KgKy process.

F19602 F19603 FI19604 PDG,1996
Mg, MeV 1010.48 £ 0.03 | 1019.30 = 0.03 | 1019.20 & 0.03 [ 1019.413 = 0.008 ||
T4, MeV 4.02 £ 0.10 4.59 % 0.08 4.10 & 0.08 4.43 + 0.05
To, b 1314 + 17 1322 £ 13 1405 + 14 1488 + 22
B(¢ = KsKg),%| 30.1+£0.4 30.3+ 0.3 3224+ 0.4 34.1+ 0.5
Number of events 51247 78335 49871 -—
x2/Np 10/11 43/12 12/13 ~— ]‘

3. A beam energy leap presumably occurred in the FI9603 scan. This may
explain larger ¢- meson width and high x?/Np ratio in this scan.

4. Taking into account the former, only F19602 and FI9604 scans were
used for ¢- meson width determination. The combined result is I'y =
4.06 +£0.08 MeV. This is by 3 standard deviations smaller than its table
value. The corresponding values of decay parameters are the following:

oo = (1360 £ 11 £ 45)nb
B(¢ — KsKy) = (31.0£ 0.3+ 1.0)%.

We hope, that processing of the next three scans will clarify gituation with
systematic errors due to collider energy stability and detector performance.

3.3. Radiative decays
3.3.1. The ¢ = ny decay

The ¢ — 1y decay is a classic magnetic dipole transition from ¢- into 7-
meson. In terms of nonrelativistic quark model [19] this decay can be de-
scribed as a quark spin flip inside ¢- meson: 3S; —! Sp + «v. The theoretical
estimation and experimental value agree within about 10%. Up to now, more
than 10 measurements of ¢ —» 7y branching ratio were done and its current
table value is equal to 1.26 + 0.06%. In this paper preliminary results of
new measurements of this parameter in three - meson decay modes are pre-
sented: n — 2v (B(n — 2v) = 39%); 1 - 77~ n° (B(n = 7¥n~n°) = 23%)
n — 3n° (B(n —= 3x°) = 32%).

The ¢ — 1y — 3y channel

The following event selection criteria were used: N, = 3,4; 0.8 < Eiot[2E <
1.1; Py /2E < 0.175; Smin > 24°% Eymin > 0.2B; 550 < m.,, < 800MeV;
x% < 30. Events from two ¢- meson scans were processed. Simulated events



ofthe ¢ = ny; ¢ — KsKir; ¢ = 7°; were processed in the same way in order
to evaluate their detection efficiencies, which turned out to be: 22%, 0.01%,
and 8% respectively. In Fig. 11 the n- meson invariant mass distribution is
shown.

The cross section energy dependence was approximated according to for-
mulae from 1, 2 with a resonant background from the ¢ = K sKy,m°%y pro-
cesses and a nonresonant background taken into account. The ¢- resonance
excitation curve in the ¢ — ny channel is shown in Fig. 12. The values of fit
parameters are listed in Table 3.

Table 3: Main ¢- meson parameters measured using the ete~ — ¢ — 1y = 3y process.

Experiment F19602 F19604 PDG,1996
mg, MeV 1019.48 1019.2 1019.413 & 0.008
Ty, MeV 4.02 4.1 4.43 £ 0.05
golete= = ¢ =+ ny),nb | 58.9x1.9 59.6£2.2 53.2+2.5
B(¢ = ny), % 1.34-40.06 | 1.40+0.05 1.26 +0.06
Number of events 4256 4040 —
x%/Np 16/10 20/12 —

Combining data from both scans one can obtain the following branching
ratio:

B(¢p - ny) =(137£0.04= 0.08)%,

where the first error is a statistical one and the second is systematic.

The ¢ — ny = 3n°y channel

Due to high efficiency of the SND calorimeter to multiphoton events, full
reconstruction of ¢ — ny = 3n°y — 6,77 turned out to be feasible. The
characteristic feature of this channel is a peak at r)- meson mass in the recoil
spectrum of the most energetic photon in an event (Fig. 13). Events were
selected according to following criteria: Ny = 6,7; Eiot/2E = 0.8 + 1.2
Piot/2E < 0.12; 9min > 27°, x% < 25, x3 < 20. For the energy dependence
of the cross section the standard approximation was used (2). The energy
dependence of the detection efficiency was neglected. The background of
~ 2 % due to the process ¢ = KgK was subtracted using the events outside
of the main peak in the Fig. 13.

In order to estimate SND systematic errors for multiphoton events with
full reconstruction of all photons, an independent analysis of events with
N. = 7 was carried out. In these events the presence of three 7°- mesons
was required. The detection efficiency in this case was lower (Table 4), but
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no background from other ¢- meson decays was observed at a present level

of experimental statistics.

Table 4: Results of the study of ¢ — ny = A ot

the ¢- resonance region.

~ decay for three independent scans of

F19602 FI19603 Fio604 ||
Number of events 6, 7y 1167 1748 1036
Ny [Ne, (experiment) | 0.60 = 0.04 0.62 &+ 0.04 | 0.62 % 0.05
Ni.y/Ne~ (simulation) | 0.60 = 0.02 0.60 & 0.02 | 0.59 £ 0.02
Number of fully 7+ 360 564 315
reconstructed events
Efficiency 6, 77 8.0+0.1 7.9+0.1 7.7+0.1 I
Efficiency 77 272 4+ 0.07 | 2.64 £0.07 | 2.57+0.07
B(¢ = ) 6,77, % 1.244+0.04 | 1.234+0.03 | 1.31 =0.04
B(¢ - nv) 71, % 1.14+0.08 | 1.17+0,056 | 1.20 £0.07

It is clearly seen from the

ratios of the process ¢ — 77y — 37y for the ev
differ by approximately 8% (2¢). This system

misidentification of photons in 7 gamma events.

The data for N, =6,7 from all three scans were combined and the following

final result was obtained:

go(¢p = my — 3n%y) = (54.6 £ 1.3 = 3.5)nb
B(¢ — n7) = (1.25+0.03 + 0.08)%.

The ¢ — 7y = 7T~ 7%y channel

Since this decay channel in

tribute into systematic error

those for pure neutral channels can be

performance.

Events were selected according to following criteria: Nep = 2,
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Table 4 that the cross sections and branching
ents with N, =6,7and N, =7
atic error can be explained by

addition to three photons contains two charged
particles in its final state, the performance of the drift chambers can con-
of the result. Comparison of this result with
a good probe of the tracking system

tional requirement, that two
asses close to that of 7%, This require-
fitting procedure [16]. This procedure
e minimum of logarithmic likelihood
D; — difference between
ons for two best combinations. of
difference in likelihood functions

N, 2 3,
spatial angle between charged particles a2 < 150°. Events must satisfy en-
ergy and momentum conservation laws with addi
photon pairs must have an invariant m
ment was imposed within a kinematic
calculated the following parameters: th
function Ly., my — the 7- meson mass estimate,
minimums of logarithmic likelihood functi
photons, producing required 7°-s, Drar —



minimums in ny and 77~ 7° hypothesis. In Fig, 14 experimental and simu-
lated distributions over reconstructed mass of the n-meson are shown. After
addition of two more requirements: Lpy < 15, 500 < m, < 600MeV, the
detection efficiency was estimated to be 30.4 + 0.9%, or, taking into account
B(n = ntn~n°) = 0.23, was equal to gny = ntawoy) = (7.0 £ 0.2)%

Processing of the FI9602 scan gave the following results on peak cross
section and decay branching ratio:

oo(ete” = ¢ — ) = 42.7 £3.1 L 44nb

B(¢ = ny) = (098 £0.07 % 0.10)%.

Only background subtraction error and statistical error of simulation were
included into the systematic error.

The data were also processed under more stringent gelection criteria:
Nep =2, Ny 2 3, a1 2 <1309 Ry 5 < 0.5, Lyy <10, Dy, > 2, Dpar < —0.5,
500 < my < 600 MeV. The detection efficiency here is smaller, e(ny —
rta—n°y) = 5.4 £ 0.2%, but the background was additionally reduced by
a factor of 3. Thus, the background subtraction error here was significantly
lower.

oo(ete” > ¢p—my) = (48838 = 3.8)nb

B(¢ = ny) = (1.04 £ 0.08 = 0.08)%.

Since the systematic error of the latter result is estimated to be smaller,
we consider the last result as a conclusive one for this channel.

Conclusions on the ¢ — iy channel

Results obtained for these three different channels do not agree well. Ad-
ditional study of systematic errors is necessary. Taking into account these
differences and common systematic errors, the following combined results
can be obtained:

go(ete” =2 ¢ my) = (56.8 & 2.6 = 3.1)nb

B(¢ — 1) = (1.30 £ 0.06 £ 0.07)%.

3.3.2. The ¢ — 7y decay

The ¢ — 7y decay was studied on the basis of one scan of ¢ -meson region,
corresponding to a total integrated luminosity of 0.4pb~" 1.e.10% of experi-
mental statistics. The preliminary result was already published in (3] and is
equal to

B(¢ —+ n°y) = (0.10 + 0.02)%.

12
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3.4. Rare radiative decays
34.1. Search for the ¢ — 1’y decay

Radiative decay ¢ — 7’7 is a good probe of an internal structure of the 7'
meson [17-19].

As it was mentioned in [17], the ¢ — n'y decay branching ratio strongly
depends on the gluonium and strange quarks contents in n'- meson. In an
assumption of an ordinary quark structure of 7', predicted branching ratio is
B(¢ — n'y) =7-107°.

Two attempts to measure this decay were done earlier. The first upper
limit was obtained with Neutral Detector [20: B(¢ = n'y) < Y 208 | gy
and recently was published a preliminary result from CMD-2 detector [21]:
B(¢p =+ n'y) <24 ¢

In this work the process

¢y >ty rrrertraty =+ ataT a3y (4)

was studied.

Among all decay modes of 7'~ meson this one has a relatively high prob-
ability: B(n' = «F77n) " B(n = nta~w°) ~ 10%, well defined final state,
practically no combinatorial background in neutral particles, and it also con-
tains an 7 meson in the decay chain.

Event selection for the search of the process (4) was done using the fol-
lowing basic set of conditions: Negp =4; Ny =3; Bep < 0.3 em; | Zep| < 6 cm;
number of hit wires in the drift chambers corresponds to four tracks. For
the events surviving those cuts kinematic fit was performed with additional
requirements: 0.1 < Enp /2E < 0.3; energy and momentum conservation is
held to the accuracy higher than 10 MeV; minimal spatial angle between
any two particles ®min 18 greater than 9 degrees; total energy deposition of
charged particles in the second calorimeter layer AEy is less than 40 MeV

In addition, events were required to have some fixed kinematic parameters
due to presence of intermediate particles in the decay: recoil mass of one of
the photons must be equal to 7' mass; invariant mass of the other two photons
— equal to 7° mass; and tnvariant mass of this 7° together with two charged
pions — equal to 7- meson mass. These masses were calculated for analysis,
but no additional cuts were imposed,

Detection efficiency under these selection criteria was determined from
simulation to be equal to € = (0.57 £ 0.07)%. ,

Currently the data from three scans FI9602 +~ FI9604 were processed,
corresponding to a total number of produced ¢- mesons Ny ~ 4.1 108.
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Only one event satisfying all intermediate states requirements was found
(Fig. 15). Corresponding branching ratio is equal B(¢ = n'y) = 4" 10,

The statistics of simulated events of main background processes, available
by now, is too low to estimate their contributions and only upper limit cor-
responding to one detected event could be placed: B(¢ — n'y) < 1.7 0"
at 90% confidence level.

342 Study of electric dipole decays of light vector mesons

Electric dipole transitions are widespread in atoms, but in mesons, composed
of light quarks transitions of the type V = Sy (38, =® P, +7), where V
s a vector meson (p, w, ¢) and S is a scalar one (Go, fos ---) are strongly
suppressed by a phase space factor because even the lightest scalar mesons
are quite heavy (M ~ 1 GeV).

Quark structure of scalar mesons is not conclusively determined yet. In
o standard two-quark description a, fo mesons look like scalar analogs of p-

and w- mesons:

ao=%andfg=ﬁ—f—%@arsﬁ.

Better chances has now a four-quark model:

ao = ¥85#55 and f, = uidd g5 [26],

Yet another model was suggested — kaon molecule, according to which, a,
f, are bound states of two K- mesons ([27], 128)).

And finally, real states can include both ordinary and exotic contributions.
The probability of transition ¢ — S+~ strongly depends on quark structure of
mesons involved in the decay. Thus the idea emerged [25] to use radiative de-
cays as a probe in order to clarify the structure of ao- fo- mesons. The results
of estimations of branching ratios in different models and the experimental
values are listed in Table 5. The most important result is that four-quark
model predicts branching ratios almost an order of magnitude higher than
two-quark and kaon molecule models.

Table 5: Expected values of scalar meson decays branching ratios from the work [24,25)
and experimental results.

qq (s3) |gdgd | KK |20} CMD-2 [21]] This work
B(g = Jon = momoy) [6- 102 [0~ 5|10 ) <2 10-5 [<7.10-% |d.7£1.0)-107"
| B¢ = aoy —+nmy) |8- 10-8|10-4|10=3 [l< 2.5 - 1078 - (1.3 0.5) - 107+

The first time a search for electric dipole transitions was carried out with
ND detector [20], where upper limits at & level of ~ 1073 were established.

4 A

At present the search for the decays of the kind of ¢ = S7is being performed
at VEPP-2M collider by two detectors: SND and CMD-2. A new ¢- factory
is cloge to commissioning in Frascati [29], where the search for such decays
was stated as one of the main goals. Another onslaught on neutral decays of
¢- meson is being prepared at a CEBAF photon beam [30]. So, during next
few years one can expect, that situation with these decays will be greatly
clarified. '

Evidence of the ¢ — m°n°y decay
When studying the

ete™ = ¢ = n°7°y (5)

channel, one should be aware about significant background contributions,
coming from the following processes:

ete™ = ¢ = ny = 377, (6)

ete™ = wn® = 7°7°%y, )

ete™ = pr® = 7°71%, (8)

ete~ = ¢ — KgK — neutral particles. (9)

Fig. 16 shows expected recoil photons spectra in the processes (5), (7),
(8). One can see, that for Ey < 250 M eV contributions from the processes
(7, 8) are significantly suppressed. The processes (6, 9) contribute only due
to event misidentification, for example, when photons merge together in the
calorimeter. Events were selected satisfying following criteria: Ny = 5, 0.8 <
Byot/2F < 1.2, Piot [2E < 0.12, x% < 25. It was also required, that among all
combinations of photons existed one, in which two photon pairs have invariant
masses within the interval my. £ 30M eV.

The processes (6, 9) were suppressed with the help of a special parameter,
checking if the transverse profiles of photons look like those of isolated ones
(x2 < 5). Then, the events with a mass of 7% -system lying within the
790 — 840 MeV interval were discarded in order to reject contribution from
the process (7). The n°7° invariant mass spectrum of the remaining events
is shown in Fig. 17. Further analysis of the angular distribution revealed,
that it agrees with S- wave production mechanism of mon°- system. Detec-
tion efficiency for the process (5) under described selection criteria decreases
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linearly with the increase of myexe from 14% at Mooqe = 800MeV to 6%
ot 975MeV. This dependence was obtained for the process (5) simulation
with two 7°- mesons in S- wave with radiative correction taken into account.
The number of events and expected background contributions are listed in
the Table 6. -

The following event selection criteria were used: N, = 5, min > 27°,
E,, > 0.8 2B, x5 < 20, x4 < 25, x3 < 20, NC25 < 6. In the table
7 the corresponding detection efficiencies and number of events are listed.
Experimental statistics here is equal to Ny = 6.5 108

Table 7: Detection efficiencies and expected number of events for the main processes

Table 6: Number of the selected events ete™

— xon%y with myoxe > B00MeV and

- Efficiency Number of events
Experiment - 283
ete” — Ny e= (8.7 :E'B.S]% - —
efe= —ny (1.3£0.1)-10~° 109 %9
efe- = KeKz, |© . 5-107° _ W0Wx10
ete” = wr 0.4.10"* B4

estimated background contributions.
Ny 8.9-10°
¢ — mon°~, experiment 45
¢ — 1y, simulation 5
i ¢ —+ KgK, simulation _ <6
b = pr®,wn’® = W%y, gimulation 14
B(¢ — n°1°7) (1.1£0.2) 1074

" After background subtraction, in accordance with Table 6, 38 = 7 events
remain, from which the following estimate for the branching ratio could be
derived: B(¢ — 7°x°y) = woxon/Ng € = (1.1 £ 0.2) - 104, for 7°n°-
systemn mass above 800 MeV (only statistical error indicated). So, in this
experiment we observe the decay (5) with S- wave production of w°- pairs.
The comparison of w7 invariant mass spectra, depicted in Fig. 17, with
model estimations in Fig. 16 shows good agreement with a four-quark model
predictions [25]. _

Fitting, using formulae of [25], gives the following f,- meson parameters:

- my, = (950 £ B)MeV; ' '

_giﬂxﬂ-/dm ={2.3 & 0.5)GeV %

9% anfdm = (04 £ 0.1)GeV~2;

B(¢ — f0(980)y) = (4.7 £ 1.0) 1) e

The latter value was obtained within a framework of the 4-quark model
([24,25]). Also taken into account was the relation B(f, = ntn~) = 2B(fo —
7°7°). Systematic error in the branching ratio is estimated to be about 20%.
To improve it, one should account for the background from the processes (6,
9) more precisely (look Table 6). -

Evidence of the ¢ — nn°y decay
The main background for the process

ete™ = nrly(n = 2v,7° = 27) = &Y (10)
comes from the reactions (6), (7), (9).
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After background subtraction we obtain the total number of events N (¢ —
nn%y) = 79 =21, which corresponds fo a branching ratio: B(nn%y) = N/Ny -
£ = (1.40 £ 0.35) - 10~*. b

The energy dependence of the visible cross-section was fitted by the sum
of process (10), background process ¢ —+ 17 and non resonant contribution
from the process ete~ — wn®. The dependence of likelihood function on
B(¢ — nx%y) is shown in fig. 18. The optimal value is '

B(¢ — nn’y) = (1.3£0.5) - 1074
The mass spectrum of nr°-system is shown in fig. 19

We also searched for ¢ — nr°y decay in 1 = 7+ 7~ x° and n — 3n° decay
modes, but due to higher background and lower efficiencies only upper limits

~ for ¢ — nn°y branching ratio were obtained:

B(¢ —+ qn%y) < 1.5.107* (n - nt7~n°),
B(¢ = nm°) < 31074 (n — 3x°)
at 90% confidence level. i

3.4.3. Search for the ¢ - KgKg7y process

The ¢ — KK g7 decay also represents an electric dipole transition, the width
of which can be expressed as M2w?, where M is a matrix element and w is
a photon energy. The KgKs final state may be produced for example in the
decays of light scalar mesons a,(980) or f,(980). The expected branching
ratio of the ¢ — K sKgv decay, obtained on the basis of the theoretical work
[25] and table values on a,(980) £o(980)- mesons [39] , can lie within a wide

17



B ———

range of 107 + 10~%. Currently there are no available experimental data on
this decay.

The search for ¢ - KgKgy decay was performed in the decay mode
¢ = KsKgy — 2n°27°y — 9v. The events containing 8 or 9 photons were
analyzed with the requirement, that invariant masses of four different photon
pairs in an event must be close to a mass of 7° (my, = 110160 MeV). Then
was required, that of six possible 7°7°- pairs at least one has an invariant
mass close to that of a,- meson (430 + 560 MeV). To suppress background
from ¢ — nry = 37°y — 77 decay, the energy of the most energetic photon
in an event was required to be less than 360 MeV. In addition the following
constraints were applied: Eyos/2E = 0.8 + 1.05; Pt /2E < 0.2; x < 50.

With such selection criteria the detection efficiency, obtained using simu-
lated events of the process under study, varied from &1 = 0.4% up to 0.7%,
depending on the recoil photon energy w = m¢ — MKsks = 0+ 24 MeV.
The SND threshold for photons is about 10 MeV. The detection efficiency
with such a threshold is equal to (0.7 £ 0.1)%. During processing of ex-
perimental data from the scans 2, 3, and 4, total of N, = 16 events were
found. All of them could be attributed to a background from ¢ — KsKy,
decay. Thus, the result can be expressed only in terms of an upper limit:
B(¢ = KsKgv) < 2y/Ny/Nye1 < 3.2+ 1074, at 95% confidence level.

3.5. Rare nonradiative decays of ¢- meson
35.1. The process ete™ — wn® = 7t~ 7°7n°

Reaction -
ete” = nta nn° (11)

was studied in the ¢ resonance region earlier [20]. This process proceeds
purely via wm®- intermediate state and its cross section is close to 10 nb.
The main contribution comes from p(770)- meson. In the ¢- peak region the
possibility exists to detect contribution from the ¢ — wn® decay, which may
reveal itself as a narrow interference pattern on a smooth energy dependence
of the p(770) contribution. Probability of this decay was estimated to be at
a level of 51075 [41].

For analysis the events were selected with two charged particles and four
photons. The energy-momentum conservation and presence of two 7°- mesons
(x2, < 30) were required. To suppress background from the process ete” —
K+ K, restrictions were imposed on specific ionization losses in the drift
chamber. Background from the ¢ — 1y = 77~ 7%y decay was rejected by
a requirement, that the most energetic photon in the event must have an
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energy less than 360 MeV. The ¢ — nwtn—n° decay can also fake the process
under study if some stray photons are detected. To suppress it, an additional
requirement was imposed: if the invariant mass of the two most energetic
photons is close to that of m°- meson, then invariant mass of the other pair
must differ from it.

Event detection efficiency under these selection criteria, estimated using
simulation, is equal to € = 20%. In the recoil mass spectrum of w°- mesons,
shown in Fig. 20, the w- meson peak is clearly seen. On the other hand,
presence of a nonresonant contribution is an evidence of some background
with intermediate states other than wn®. To account for this background
the special subtraction procedure wasg developed. It is based on background
estimation in the kinematic regions not containing the process under study.

The energy dependence of the cross section was approximated according
to the formula (3), with Z, the complex interference amplitude, varying,
according to theory, in the limits: Z = [(11 + 34) —s(11 + 24)] - 1072, and
decay probability, described by an expression:

B(¢ = wn®) = 0o(my)| Z|* /7. AL

For approximation the detection cross section was expressed as in (1),
and the result of the procedure is shown in Fig. 21. The following values of
parameters were obtained:

0, = 6.4+ 0.5 £ 1.0 nb — reaction (11) cross section via wmr®- intermediate
state,

ReZ = (10£7)-107% ImZ = (0 £ 6) - 1072; x*/Np = 7/9.

Systematic error of ~ 15% is caused by inexact simulation and background
subtraction error. As could be seen from Fig. 21 and the values presented
above, it is possible to establish only the following upper limit of the decay
branching ratio:

B(¢ - wn®) < 5-10~° at 90% confidence level.

"The contribution of non- wm® intermediate states is a subject of further
investigation.

352 The ete™ — utu~ process near ¢- resonance

Measurements of lepton widths of light vector mesons p, w, ¢ at electron-
positron colliders were usually performed through summation of cross sections
over all decay channels. Study of the process 1

ete™ = ptp” _ (12)
in the vicinity of the ¢- peak gives the possibility of direct measurement
of B,, = B(¢ - ptp~). Expected value of B,,, calculated from p — e-
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universality, is equal to:
By =~ Bee = (3.00 % 0.06) - 107 (13)

The world average value, taken from PDG (1996) [39]:
B,, = (248+0.34) - 10~

The cross section of the process (12) in the vicinity of the ¢- resonance
can be expressed (in linear approximation) in the form (3), where Z =
3+/B,,Bece* [, and B is an interference phase.

Events were selected according to following conditions: Nep = 2; Ny = 0;
Ad < 20°%; Ap < 109 |Z1,2| <8cm; R<1om; Pnin > 45°.

The main sources of background were the following:

1) ete~ — ete~, was rejected using e/7- separation;

2) ete~ — nt7~, was suppressed using the outer anticoincidence system
of the detector.

3) cosmic muons. These events are not peaked in time, measured by outer
scintillation counters, with respect to a beam crossing. On the contrary,
the events of the process (1) are strongly peaked with a RMS of o ~ 1ns.
This permits to reject main part of cosmic muons. Remaining background
is suppressed by limiting maximum distance from charged particle tracks to
the beam axis.

The detection efficiency for the process (1) is described by the following
formula:

Eup = Esel * €6 * Eup * Eu * EFLT = 0.32,

where £, = 0.75 is a detection efficiency in the conditions, listed above;

g¢ = 0.55 is an acceptance in polar plane;

Eup = 0.99 is the efficiency of anticoincidence counters;

g, = 0.82 probability for a muon to trigger outer system;

erprT = 0.97 in the second scan, and 0.91 in the third and fourth scans —
first level trigger efficiency.

At first, fit was performed with an interference phase as a free parameter.
The result was 8 = 0.13 & 0.11. Then the value of § was set to zero and the
fit was repeated. The results are shown in Fig. 22 and in Table 8.

The errors indicated in the Table 8 are all statistical. Possible sources of
additional systematic errors are contributions from other decays of ¢- meson
(for example: ¢ — KTK~,pr,..); systematic errors in simulation, inade-
quate treatment of radiative corrections. In this preliminary analysis the
systematic error in o, was estimated to be about 5% and the error in By, —
20%. Let us finally list the main results:

o, = 96.8 £ 0.9 £ 5.0 nb,
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Table 8: The results of cross section fitting for the ete™ — utpu~process

Experiment gomb | &,10-2MeV - | Byuu,107* | x*/Np
name i

F19602 06.7£1.6 -0.05£0.21 2.8E1.4 9.2]6

F19604 95.941.2 0.13+0.12 2.240.9 | 12.2/9

FI9602&F19603&F19604 | 96.7+0.9 0.0940.09 2.440.8 | 20/26

B,, = (24+08£0.6) 1074,
By, = \/Beoe Bpp = (274 £0.44 £06) - 107,

3.6. Rare decays of n(550)- meson
3.6.1. Upper limit of the  — 27° decay

CP-violation is one of the most intriguing puzzles in the particle physics. Up
to now the only place, when CP-violation was observed was a neutral kaons
system. Standard Model (SM) predicts much more pronounced effects in
decays of B- mesons. - .

Flavor conserving CP- violating effects, like  — 27 decay, within a frame-
work of SM are very weak: B(g — ntn~) < 2-10~%7 [31,32]. But some other,
different from SM, models exist in which such effects are many orders of mag-
nitude larger. B(np — n¥#~) < 1078 + 107'¢ [32-34]. In any case, search
for such unusual effects can produce interesting and unexpected results. -

The only existing experimental upper limit — B(n = 7*7~) < 1.5 102
wasg reported in the work [35]. Recently this result was confirmed by CMD-2
detector: B(n — mtx~) < 2-1073[21]. In this work search for the process
n — w°n°, with 1-s produced in the reaction ete” — ¢ — ny was carried
out.

Events for analysis were selected with two 7°- mesons and a photon, sat-
isfying energy—momentum conservation. The estimated detection efficiency
is equal to 8.6%. In Fig. 23 photon recoil mass spectra in the process
ete~ — ¢ — ny — w°on°y are shown. Fig. 23a depicts an expected spec-
trum in the process being searched for; Figs. 23b,c show spectra for the main
background processes, and Fig. 23d — experimental data. Unfortunately the
number of simulated events is not yet sufficient to determine contribution
from ¢ — KK (statistics at least equal to the experimental one is needed,
ie. ~ 4108 ¢ mesons). As it is seen in Fig 23d, there is no indication of
the n = 7°7° decay and thus, only upper limit can be placed:

B(np — n°n°) <6 104 at 90% confidence level.
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3.7. Nonresonant processes in the ¢- resonance region
3.7.1. " The ete~ — 3y reaction '

This process is interesting from the point of view of QED testing near ¢-
resonance and as an important source of background in the studies of the
decays ¢ — nY, ®%y = 37.

Events were selected according to following criteria: Ny = 3; ") . 5§ 5
0.75 < Byt /2B < L.15 Piot [2E < 0.1; x5 < 15; x% < 30.

The Dalitz plot for the selected events is shown in Fig. 24. Regions of
¢- meson decays ¢ — 1y, 7%y — 3, are marked and events from them were
excluded from further analysis. The energy dependence of the visible cross
section for the selected events is shown in Fig. 25. The estimated cross gection
at 510 MeV is equal to omc = 2.03 +0.07 nb, while the experimental value is
20% smaller: Cezprm = 1.56 = 0.16 & 0.20 nb. The cause of such discrepancy
is under study. In Fig. 26 the spectrum of the least energetic photon in an
event is presented. One can see, that the largest difference between theory
and experiment lies in the region Emin/E ~ 0.5.

The ete~ — 3y process is a source of background for neutral decays of
vector mesons and, on the other hand, its cross section is precisely known.
Its investigation is important for understanding of systematic errors in other

neutral processes and accuracy of luminosity estimations.

372, The process e*e~ — etey and search for n — ete™ decay

The process ete™ —+ ete—# is important for us due to several reasons:

1. this process can be used for testing of QED and should be taken into
account as a correction for Bhabha scattering, in order to achieve ac-
curacy of luminosity measurements of < 1%.

2. this process is a background to different hadronic processes, i.g. ¢ =
oo T e T e Y- |

" Thig process was studied earlier in several experiments: with OLYA detec-
tor [36] with an integrated luminosity of AL = 1.5 pb~1, at ADONE collider
[37) with AL = 0.12 pb~1.

The results of this work are based on data corresponding to integrated
luminosity of 1.8 pb~!. During data processing the subset of events with
Dalitz pairs was also included. In such events the invariant mass of ete -
pair is very small and the whole process looks like a two-photon annihilation

22

———_—7

in which one of photons is slightly out of a mass shell, and it subsequently
decays into e*e™- pair.

" The ete~+ final state is favorable for the search of the decay ete™ = ¢ —
ny — ete~y. Then — ete™ decay is strongly suppressed in comparison with
n = v by a helicity factor (m. /my)? and additional QED suppression factor
o2. As a result the expected branching ratio is about 5- 10~® [38]. The similar
decay 7° — e*te™ was observed at a level of ~ 10~7. Current upper limit of
the n = ete™ is equal to 2- 104 [40] ' |

Event selection was done using the following main criteria: Nep = 2} Ny =
1,2 Omin > 36% B < 0.5cm; |Z] < 10em; Eyot/2FE > 0.8; Pt [2E < 0.155
Apee > 5% x% < 40; AQee < 50° — gpatial angle between particles for
Dalitz pairs. ' i

Fig. 27 shows the photon energy spectrum and in Fig. 28 the distribution

~ over angle between electrons ig shown. There is also a region indicated, where

the angle between electrons is very small (Dalitz pairs). The number of events
in this region is in agreement with an expected one. 2=

Energy dependence of the e*e™ — e*e™7 cross section was approximated
using the following expression:

Jui,(E} = Elag(%)z + EC3xs

The first term is responsible for the process under study, while the second
describes background from decays of ¢- meson, especially ¢ — 37, It was
estimated from background simulation, that £ = (0.10 £ 0.03)%. The &;
coefficient was determined as a ratio between the number of simulated events,
satisfying selection criteria and the total number of simulated events. The
simulation was conducted with the following constraints: Ymin > 27°, Ey >
5 MeV, and corresponding total cross section under such constraints is equal
to o, = 570 + 15 nb, and &; was found to be equal to (3.5 + 0.1)%;

The following results were obtained for approximation parameters: g, =
550 & 10 nb; £ = (0.08 £0.05)%; x*/Np = 10/11. Only statistical errors are
indicated. Additional systematic error is estimated as 10%. ’

The n — e*e~ decay could reveal itself as a peak in the photon spectrum
in Fig. 27 at E, = 360 MeV. The detection efficiency, obtained from simula-
tion is €9 = (40£1)%. After fitting of the spectrum the following upper limit
was obtained: B(n — ete~) < 9-10™*. Although this limit is higher than
that of PDG Table, increase in statistics and taking into account the energy
dependence of the spectrum shape will permit us to improve this resuit.
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3.73. ete = wn® = wn%

There are several reasons of interest to the ete~ — wn® process. First, in
this process may manifest themselves radial excitations of p- meson. Second,
this process contributes into the total cross section of et e~ - annihilation into
hadrons. Third, its cross section is connected with the branching ratio of 7-
lepton decay into wnvy.

Within the Vector Dominance Model (VDM) cross section of this process
is determined by gpwx constant, which also controls other processes: w —
37, moy; p = 7oy w° — 27, etc.

In our case the possibility arises to measure this constant at V8=1GeV,
which can help to determine boundaries of applicability of simple VDM
model.

The process e*e~ — wn® in the energy region 2F > 1 GeV was studied
earlier in the experiments with ND detector at VEPP-2M in two main decay
modes of w- meson: w — 7%y [42] and w — 7w 7 [20,43].

Some indirect results on this reaction were extracted from 7- lepton decay
spectra [20,44].

In this paper data on the process ete™ — wm’ —» n°1°y in the energy
range 2E = 1000 + 1034 MeV are presented. Results are based on exper-
imental statistics from FI96 SND experiment corresponding to integrated
luminosity of 1.9 pb~* or 4 million ¢- mesons produced.

The main event selection criteria are: N, = 5, Bt /2E = 0.75 + 1.25,
i > B0y Pf,at,/ZE < D.1.

Then additional requirements were imposed: X3, < 40; X2 < 205 two
photon pairs with myy = Mge £ 30 MeV which could be produced by inter-
mediate m°- mesons must be found in the event; 720 < Mgon < 840 MeV.

Selected events originate mainly from the process under study: ete™ —
wn® — mon°y. However they contain some background from the decay ¢ —
ny = 37w°y. The detection efficiency was estimated by simulation. For the
process under study it is equal to &1 = 21% and for the background — €2 =
(1.8 +0.1)- 1073, As for another background source: ¢ — KsKy — neutral
particles, the available simulation atatistics is not sufficient to estimate its
contribution (minimum 10° events are required, while only 6:10* are currently
available).

In Fig. 4 the distributions over invariant mass of w°y- system in experi-
mental and simulated events are shown. It is clearly seen that most of events
contain intermediate w- meson. In Fig. 4 of two possible 7°v- pairs in an event
only one with the mass closest to that of w- meson is histogrammed. The
number of experimental events in the w- peak region is equal to 304, while
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expected background from the decay & — 1y is 92 events. The background
from ¢ - KsK, according to available simulation statistics, i8 not more
than 20 events. This background could be further suppressed by additional
constraint on invariant mass of w°7°- system to exclude the Ks — 27° decay
region.

The energy dependence of the ete™ — wn® cross section was approxi-
mated using parameterization (3) with B(w — 7%y) = 8.5+ 0.5%, and tak-
ing into account contributions of background processes ¢ — KgKr,ny into
o5(E;). In this approximation due to small statistics the contribution from
¢ — pm,wn® — 7O’y was neglected and thus the energy dependence of the
cross section was described by a simple linear function. As a result of fitting
of the visible cross section (Fig. 29 ) the following results were obtained:

do(mg) = 7.5+ 1.5+ 0.5 nb — the cross section of ete™ = wn® = 7°7°%y
in the ¢- meson peak (previous ND’1991 result ([20])was go(mg) = 8.7+ 1.0%
0.7 nb); o' (mg) = 9+ 6 MeV ' — relative slope of the cross section at the
same energy; P(x?) = 12.3/9.

The gpwx value in an assumption of p-meson dominance is equal to:

gpon (experimental) = 18.1 £ 1.7 GeV 1.

in VDM this constant equals to:

Gown (estimated) = 14.3 GeV ™.

In the ND experiment [20,42] the cross section was larger, but it does not
contradict the new SND result. The SND data confirm conclusion of the ND
experiment that pure p(770) production cannot describe the data and to take
into account production of higher resonances p’ ,w',¢' is necessary.

3.7.4. Production of A- barion

When electron beam travels through the collider beam pipe the following
process may occur on nuclei of residual gas atoms: efA = etA - et Nn
[45]. The A(1232) is a barion state with quantum numbers: (JP) = §(&7).
At a beam energy of E = 510 MeV the total cross section of this process
~ 3ub. A(1232) decays into the following final states: At o pro,nnt
A° = prn~,nn°,

An attempt was taken to observe this process with SND detector and to
study it as a possible source of background at future ¢- factories.

The process was studied in the:

efp = e At o e*pn® (14)

channel because it has a distinct signature: two photons from 7°- meson
decay, slow proton track with high dE/dz in the drift chamber, another track
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of e, zero total transverse momentum and large longitudinal momentum — 4. Recent results
P =510 MeV/c. A :
The events with Nop = 2, Ny = 2, Eot/ 2F < 0.5, |Z| < 10 cm, etc. were In August 1997 just before printing of this preprint the following new upper -
selected. Then kinematic fit was performed. : limits for processes with multiphoton final states were obtained:
As a result of experimental events processing in the energy region of ¢-
peak with integrated luminosity of AL = 0.5 ph=1, 36 events were found. o B(¢ - 2n°) <4:107°
Photons in these events have an invariant mass coinciding with that of 7°- « B(¢ =m0 < 510~
meson within +15 MeV. These events are uniformly distributed in Z- coor-
dinate within +10 em from the interaction point and show no peaking there. e B(¢ — 31%) < 0.8 14 M

Among two charged particles, one with lower specific ionization was referred
to as an electron and another — as a proton. In Fig. 30 the specific ionization The event selection criteria were similar to those applied in the studies of
in the drift chamber as a function of particle momentum is shown for particles the processes described above, like ¢ = 1y — 37%y or ¢ = 0.
after kinematic fit for experimental and simulated events. One can see, that Also was performed search for Ks — 3n° decay. The event selection
protons are well geparated from electrons. The A- barion mass spectrum in ‘ criteria were adjusted for ¢ — KsK| events with Kg = 370 decay and with
Fig. 31 shows good agreement between experiment and simulation. - completely undetected K. No indications of Ks — 370 decay were found
The background from ¢- meson decays is still questionable because of and the upper limit B(Ks = 37) < 1.1-107* was placed.
insufficient simulation statistics, but it is obviously not high. It can be seen
from absence of peaking of the events near the beam interaction point.
Detection efficiency was estimated from the simulation and was found to
be ¢ = 2%. Given the pressure of residual gas of about 3 - 10~°Torr, mean
bearii currenit of 15 mA, duration of the experiment 7 10% s, and taking
into account regidual gas composition of 50% — Hy, 30% — CO, 20% — COy
[45], one ghould expect N ~ 4000 events of A- barion electroproduction at
90em interaction région length. Taking into account the detection efficiency,
the number of observed events is expected to be equal to 30 (14). It agrees
well with N, = 36 events detected in experiment. We should mention, that

there is a considerable uncertainty in the pressure and chernical composition : . ;
: 3 i : i fol sonant processes were measured in
of residual gas. Presence of CO3, N, etc. may lead to a considerable increase t}ﬁsC:t?:fg;Ei];E;-ﬂf the following nonresonant p

in events number. r 4 grow
g d i . CEL LMD Sallg b s go(ete” dwr®(w > T T )) = 6.4+ 0.5 £ 1.0 nb;
In conclusion, we can say, that event rate of this process ~ 6-107° s7" 18 L A w0 = o)) = 7.5+ 1.5 £ a5l

o bt i e s G B e\ e ) BSOS
‘ a,(ete — yyy) = 1.56 +0.16 £ 0.20 nb, at Fmin > 27°%
' go(eTe” =+ ete™y) = 550 £ 10 £ 55nb, at Ymin > 27° Ey > 5 MeV.
Electroproduction of A- barion on residual gas nuclei was seen: eEA -
et A = e*Nm.

P

5. Conclusions

The SND detector continues data taking at VEPP-2M collider. In 1997 the
MHADO7 experiment in the energy range 2F from 980 up to 1380 MeV and
total integrated luminosity of 6.3 pb—! was carried out. The work is under
way on improvement of energy and spatial resolution of the detector. About
50% of experimental statistics of the FI96 experiment, collected in 1996 in
the energy range 2E = 984 + 1040 MeV were analyzed. New preliminary

results on ¢- 7- mesons decays were obtained (Table 9). '
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