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ABSTRACT

Experiment was carried out with MD-1 detector al the
electron-positron collider VEPP-4. The upper limit of
B{Y—p"n") <<3.3.10~* with 90% C.L. was obtained.
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1. INTRODUCTION

One of the interesting questions of Y-physics is a search for
Y-meson decays with low multiplicity. In the present paper the
results of the experiment on the search for the decay Y—»p'x’
are presented. The theoretical estimation of the wvalue
B(Y—pn)/B(J/y—pn) gives (M;;/M)®~10"° [1]. Using the
known experimental value of B(J/¢y—>pn)=128-10"" [2] one can
obtain B(Y—pn)~10~° At present the only experimental limit for
B(Y—p’n’) <<6.9-107* (90% C.L.) exists obtained with LENA de-
tector [3].

The energy of n° in the decay Y—p"a’ is equal to 4.5 GeV. The
resolution of our detector does not allow to reconstruct both pho-
tons of the decay of such n’ so the events are detected as two
charged particles and one y-quantum. | '

The same final state can be produced in the following processes:
ete——p%, ete —>ptpy, ete —ete y and eTe” —yy (with con-
version of one y-quantum to ete -pair at the beam-pipej. These
processes are the main background processes for the decay under
investigation.

2. EXPERIMENT

Experiment was carried out with the detector MD-1 at the sto-
rage ring VEPP-4. The description of the detector can be found in
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[4]. The integrated luminosity, equal to 6.5 pb—! at the Y-resonance
and 2.7 pb—' around it, was collected from October 1983 to July
1984 This run consisied of two cycles with the different trigger
conditions the integrated luminosity in which was 45 and 4.7 pb™".
Besides integrated luminosity of 15.6 pb~' was collected from
October 1984 to July 1985 in the center of mass energy range from
7.2 to 10.4 GeV.

The number of events recorded on the tapes equals ~4.10". The
number of detected Y-mesons is equal to 10°.

3. SIMULATION

The selection efficiency of the events was determined by Monte
Carlo simulation. The simulation can be divided into two parts.

The first one is the production of particles in e™ e~ -annihilation.
For simulation of the decay Y—p’n’ we used the following depen-
dence of the decay probability on the final particles momenta:
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where R is the phase space of three particles (a™, n™, ) Gi. U
are nt- and n—-momenta, respectively; # is the direction along the
beam line: m.... is the invariant mass of a*n~-system. Fy is the
n-meson form factor, the expression for which could be found in
[5].

The cross section of the process ete —p’y (p'—>n'n”) was
derived, using the formulas for the photon emission from the initial
state obtained in [6]. For simulation of the process ete —pntu™y
the computer code [7] was used, for ete~—ete y the computer
code [8]. The process e*e”—>yy was simulated according to the
known cross section [9].

For all these processes we took into account the radiative cor-
rections, formulas for which were taken from [10]. The value of
these corrections depends on the invariant mass of charged particles
and the outgoing angle.of the photon with respect to the beam line.
For our experimental conditions the decrease of electrodynamical
cross sections, listed above, is about 20%.

The second part of event simulation is tracking of particle
through the detector. This computer code takes into account the
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electromagnetic and nuclear interactions of particles with the matter

of detector and decays of unstable particles [1].

4. EXPERIMENTAL DATA PROCESSING

Earlier the radiative decays of Y-meson into K+ K~ were investi-
gated with the detector MD-1. In our paper [12] the detailed
description of the experiment on a search for the decay
Y—>vE(2.2)—>yKT K™ has been presented. For the search of decay
Y—p’n® we used the same selection criteria. The only difference is
the assumption about the charged particles mass. In present paper
the charged particles were supposed to be pions. Below these selec-
tion criteria are briefly presented, the detailed description of which
can be found in [12]:
|. Two charged particles and at least one photon are recon-

structed.

9 Acollinearity angle of the charged particles is greater than
11.5°.

3. Number of hits outside the charged particles tracks in coor-
dinate chambers is not more than seven.

4 1f a charged particle reaches the shower-range chamber, the

detected energy losses in this chamber do not exceed those of a

2 GeV electron.

The log-likelihood function S, which is the kinematic characteris-

tics of three particle decay, is greater than —4.5 (see delinition

of S in [12]).

6. The log-likelihood function L, which analyzes the information of
Cherenkov counters, is greater than —3.5 (see definition of L in
[12]).

7. 1i a photon crosses less than five coordinate chambers, a mini-
mum momentum of charged particles 1S greater than
600 MeV/c.

The number of events, having passed these selection criteria and
having m -, <4 GeV/c? is shown in the Table. The resolution on
- variant mass of charged particles in this region of m,. - is equal
to 35 MeV/c’.

In this Table the number of events obtained by simulation of
background processes ete——p'y and ete —ptp y is presented.
In Fig. 1,a,b their distributions over m,-,- is shown, where the

ey |
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The Numbers of Experimental Events and Events of
Simulated Processes ete~ —py and ete —ptuy

i Resonance Continuum

|

1
Experiment 194+4.4 71484
ete —py 5.2+0.7 18621
€+'€_—rp_".u,'_"p 11.341.2 372422

number of simulated events corresponds to the integrated luminosity
of 614 and 552 pb~! for the processes ete —p’y and
ete~—u*n "y, respectively. Here the fitting curves are also shown,
P{y¢?) is equal to 70 and 50% fior the processes ete~—>p% and
etTe —putp"y, respectively. .

The number of events of other background processes is less then
the number of events mentioned above. We estimated the number of
background events of the process ete”—>ete™y to be about 307%
of that due to the process ete —utp—y. The process ete —yy
with the conversion of one photon at the beam pipe of the detector
into e*e -pair is also one of the possible background sources. The
number of events ‘of this process is about 20% of that due to the
process ete™—py.

As one can see in the Table, the background processes
ete——p%, ete —ptu~y do not describe entirely the experiment.
Therefore we tried to fit the experimental events with the sum of
contributions from the decay Y—p’an’, two background processes
ete”—p%, ete —pTp~y and unknown background.

In Fig. 1,¢ the distribution of the simulated events of the decay
Y—p°n® over m,+, is shown (all selection criteria are applied).
P(x®) is equal to 35% for fitting curve. The number of 2.2.10°
events of the decay was used. The selection efficiency is 7.3%.

In Fig. 2 the distributions of experimental events and the sum of
contributions of simulated processes ete~—p’y and ete —ptpn7y
over m.-,- are shown. We assumed that the cross section of
unknown background oz~s~'. The validity of this assumption was
checked on the statistics collected outside the resonance region.
Dependence o5 of m,-,- was approximated in two ways: uniform on
m,.,-—0g=a/s or quadratic on M+, — O gg=b(m +,-—)?/s,
where a, b, ¢ are free parameters fitted to experiment. Using this
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parametrization we obtained for the fitted events ol continuum the
value of P(x?) equal to 2.5 and 30% for uniform and quadratic
over m .- background, respectively. In Fig. 3 events of continuum
and resonance are shown with quadratic parametrization o, of
m:[._lt_'

We obtained the upper limit for the decay probability Y—p"n®:

B(Y-=p'n%) <3.3:10~* (90% C.L.).

We checked the dependence of this result on the type of approxi-
mation of unknown background and on the region of beam energy
used in the experiment. The difference from the cited resuit does not
exceed 209%.

When our paper was ready for publication, we have received a
preprint [13], in which the CLEO detector placed the upper limit
for B(Y—p°n®) lower than our limit given above.

The authors express their gratitude to the staif of VEPP-4
collider and MD-1 detector for carrying out the experiment.
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Fig. 8 Distribution of experimental events with fitted curves over m_+,-. Fig. 3.,a

includes the stafistics outside the resonance region. Fig. 3,6 shows the events in the

resonance region. In Fig. 3,b the dashed line displays the fitted curve including the

decay Y—>p'n” with a probability B(Y—p"n") =38.3-10* in addition to the back-
ground processes.
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