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Abstract

A study of the ¢ — 7+ 7~ x° decay mode has been performed using
a data sample of about 2.0 million ¢ decays collected by the CMD-
2 detector at VEPP-2M collider in Novosibirsk. The following pa-
rameters of the ¢-meson have been measured: Br(¢ = z*777%) =
0.145+0.009+£0.003 and 64—, = 162+ 17°. The analysis of the Dalitz
plot showed the dominance of the ¢ — pw intermediate mechanism,
the limits for the ratio of the direct amplitude of ¢ — 37 to that of
¢ — pm are —0.16 < a; < 0.11 at 90% C.L. The upper limits for
the probabilities of the decay modes ¢ = n¥ 7~ n and direct ¢ — pyvy
have been found for the first time: Br(¢ = 777 n) < 3 x 10~ and
Br(é = pyv) < 5 x 107* at 90% C.L.

(© Budker Institute of Nuclear Physics SB RAS

*Deceased

1 Introduction

¢ — 3 decay is one of the dominant decay modes of the ¢-meson despite
the OZI rule suppression. Precise measurements of its parameters provide
valuable information for physics of light quarks. In addition, the cross section
of the reaction ete~ — w(¢) — 37 gives a significant contribution to the total
hadronic cross section and therefore to the accuracy of muon (g — 2), and
a(M2%) calculations.

The branching ratio for the ete~™ — ¢ — 37 decay mode has been earlier
measured by different groups in Orsay [1, 2, 3] and Novosibirsk [4, 5, 6]. The
Dalitz plot analysis of the 3= final state was performed in one experiment [7]
only which gave evidence for the dominance of the ¢ — pr — 37 mechanism
of this decay despite a restricted data sample.

Since 1992 the CMD-2 detector [8, 9] has been running at the high lu-
minosity collider VEPP-2M [10]. CMD-2 combines a magnetic spectrometer
for charged particles [11] and an electromagnetic calorimeter [12] with high
efficiency and good resolution for photons to study vector meson decays with
high accuracy as well as to search for rare processes. First results from the
CMD-2 detector were published in [13], a study of the four major modes of
the ¢-meson decay. -

This paper presents branching ratio and Dalitz plot studies of the 7t 7~ z°
mode of the ¢-meson decay. The analysis is based on the data sample cor-
responding to the production of about 2.0 x 10%¢ ’s, a factor of 5 bigger
compared to that in [13].

The total amplitude of the ¢ — 37 decay is taken to be a linear combi-
nation of the ¢ — pm — 37 and contact ¢ — 7t x= Y term. Results on their
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contributions are presented in terms of the ratio of the amplitudes. Because
of the strong interference between the two amplitudes it is meaningless to
quote the corresponding branching ratios separately.

We have also placed an upper limit for the direct decay ¢ — py7 in the
case when two photons are coming neither from the #° decay nor from the
decay ¢ — 1y followed by the n — rtx~~. An upper limit is given for the
G-parity suppressed decay mode ¢ — pr¥w™.

The CMD-2 Detector

The CMD-2 detector has been described in detail elsewhere [8, 9]. It is a
general purpose detector consisting of a drift chamber(DC) with about 250 g«
resolution transverse to the beam and proportional Z-chamber used for the
trigger, both inside a thin (0.4 X) superconducting solenoid with a field of
1T

The barrel calorimeter placed outside of the solenoid consists of 892 Csl
crystals of 6x6x15 cm? size and covers polar angles from 0.8 to 2.3 radian.
The energy resolution for photons in the CslI calorimeter is about 9% in the
energy range from 50 up to 600 MeV. The BGO endcap calorimeter was not
yet installed when the data sample presented here was taken.

The muon system is composed of two layers of streamer tubes separated
by the 15 cm thick iron magnet yoke. Its spatial resolution is about 2.5 cm.

The trigger signal is generated either by the Trackfinder based on the DC
and Z-chamber hits [14] or by the neutral trigger which takes into account
the number of clusters detected in the Csl calorimeter as well as the total
energy deposition. The integrated luminosity of 1425 nb~! collected at 14
energy points around the ¢-meson mass corresponds to the production of
about 2.0 x 10%¢ ’s. In total, the processed data sample contains about
7.2 x 107 events.

Selection of 7t7 7Y events

The present analysis is based on completely reconstructed 3w events. At the
initial stage, events with one positive and one negative charged particle and
two or more reconstructed photon clusters were selected. Then the following
criteria were applied:

o All charged particles and phcrtoﬁs are required to hit the detector within
the solid angle limited by the polar angle |f— Z| < 0.67 radians to avoid
edge effects for the detection efficiency; -

e For charged particles:

— The distance from each track to the beam axis should be Rmin <
0.3 em in the (R — ¢) projection and the distance from a track to
the interaction point along the beam direction should be |Zi| <
10 em;

— The momentum corresponding to each track is required to be
P, > 130 MeV/c to reject charged kaons and Pr < 500 MeV/e

to suppress the cosmic background;

e For the neutral pion:

— The invariant mass of two photons must be in the range 90 M eV/c? <
myy < 160 MeV/c*. If more than two showers are detected, the
kinematic reconstruction for each pair is carried out assuming the
37 decay, and the pair with the best x? is selected;

— The energy of each photon E. ; should be larger than 30 MeV;

o Missing mass of each meson pair mp,;,,;; ; = (Pe—Fi— P;)? corresponds
: Ei 4
to the pion mass: |&“;§:;—'h‘- — 1| < 5, where Py, P; are four-momenta of
the ¢- and i-th m-meson respectively.
With the above criteria, 11169 events were selected in total.
The distributions in the two photon invariant mass and Z-coordinate of
the charged particle vertex for selected events are shown in Fig. 1.

The background for this decay mode can originate from true ete™ in-
teractions or from cosmic particles and beam interactions with the residual

gas.
The main processes which can imitate 3w events are the following:

o ¢ete o wtr—a0n
o cte- a2 ¢y, naataxl or ataTy;
o ete- 5 ¢ KL Ksor KYK-;

o ete— — ete—yy, ete~ = ntn vy, and ete” — nt 7y, where for
the last process the second required cluster is produced by a pion nu-
clear shower;
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Figure 1: Distributions for selected events: a) — two photon invariant mass;
b) — Z-vertex coordinate. Solid line — selected events; crosses — Monte Carlo
simulation of ete™ — = x°.

e Cosmic particles and beam interaction with the residual gas.

The contribution of the first two processes was calculated using the ex-
perimental data for the cross sections [6, 15] and the detection efficiency from
Monte Carlo simulation.

To study the background from ete~ — ete™ vy, events from this process
were specially selected by the requirements that the energy deposition in Csl
corresponding to the charged particle E., ; should be close to its measured
momentum P;: |Eqi/P; — 1] < 0.2.

According to the simulation, about 73 &+ 3% of e*e™yy events and 1.1 %
0.2% of 37 events satisfy this selection. Using energy points beyond the ¢
region where the contribution of 37 is negligible, the number of events of
ete~ — ete~ vy was found and, assuming the 1/E? cross section behaviour,
this background contribution was estimated for each energy point.

To estimate the wtn~vy, m#*nr~y background contamination arising
from a radiative correction to the process ete™ — nt 7™, the ratio between
ntn=~~ and ete~yy events was determined for the cases in which two
photons do not form a #° : m,y, < 50 MeV/e? or myy > 170 MeV/c.
Assuming this ratio to be the same for the region 90 < m.,, < 160 MeV/c?,
the number of the background events was calculated.

Background from cosmics and beam interactions was found by applying
the event selection criteria to events with Z between 10 and 20 cm, away from
the interaction point. _

The KK background appears because of the incorrect reconstruction
caused by kaon decays or nuclear interactions. Such events have the wide dis-
tribution both over mi,iss and Rmin. This background source is particularly
important because of its resonant nature. Its contribution was calculated
from the number of events detected in the region of the missing mass outside

2
the 7 mass: 5 < |—=i:hd — 1] < 10. The ratio of the number of background
events in the main missing mass region and the region above was measured

based on the events with R,;n > 0.4 cm.
The total numbers of the selected 37 and background events are presented
in Table 1. The shown error of the 37 event number includes both statistical

uncertainty and accuracy of subtracted background.

Table 1: Statistics of the selected events of 3w and the background processes.

det Ns.:!ected Nawr N‘!'ﬁ Nr.--y Nﬁﬂ"‘f"f‘-i-ﬂ'?l."ﬁ"[ NI{I{ Nmam+b&am

1425 nb-T 11160 10794+ 114 02+9 10+2 113+39 153+27 743

Detection efficiency calculation

The cross section at each energy point was calculated according to the for-

mula:
N (1
Leirigemc(l — 6pc)(L+ 8raa)(1 + dwia)

where L is the integrated luminosity determined from the detected number
of the collinear ete—, utp~ and nt 7~ events; earc is the detection efficiency
calculated from Monte Carlo simulation; &;rig is a trigger efficiency; dpc is
a correction for the effects not taken into account by the simulation; 8,44 18
a radiative correction; é,iq is a correction for the beam spread.

Since trigger signals were produced both by the Trackfinder and calorime-
ter the trigger efficiency can be determined for each case by the selection of
the events triggered by the alternative source. The final value of the trigger
efficiency was found to be &¢rig = 99.6 + 0.4%.

T3r =
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Monte Carlo simulation of the detector is based on the GEANT code.
The detection efficiency for 37 events for our selection criteria was found to
be eprc = 4.93% for an ideal detector. However our Monte Carlo simula-
tion doesn’t describe correctly the nuclear interaction of low energy hadrons.
There were also some apparatus effects in the experimental runs of 1993 such
as the gain and ionization absorption instability in the DC as well as few dead
electronics channels in DC and Csl calorimeter which could affect the detec-
tion efficiency but weren’t taken into account in Monte Carlo. To estimate
the correction for these effects, dprc, a special study was performed.

Assuming that the reconstruction efficiency for each particle is uncorre-
lated with the others, this factor (1 — dmc) can be presented as

[1 - EMC) = E4E-Ep , (2)

where ¢; is the ratio of the real reconstruction efficiency of the i—th pion
to that predicted by Monte Carlo. To determine &; the events of 3 classes
were analyzed, each containing at least 2 particles (n*#~, #¥x° or 7~ %)
without taking into account the third one. Such events can be completely
reconstructed by using parameters of two particles and four-momentum con-
servation. For each class of events the efficiency €. 2 can be written as

Ereg 9 = E;Ej & (3]

From (2) and (3) all €; can be calculated separately and the value of dyc
is determined as well. The background for these three classes is higher than
for the case when all particles are detected. Thus, by this method we could
determine the efficiency with reasonable accuracy only for seven energy points
near the top of the ¢ peak. The efficiency for other points was assumed to
be equal to its average value. The quoted errors include the rms spread over
the averaged points.

The radiative correction to the Born cross section ete™ — 37 took into
account the processes when in addition to 3x the final state contains one
or several low energy photons which are emitted mainly close to the beam
direction. Such events are still identified as 37 events due to imperfect re-
construction. The visible cross section can be written according to [16] as

Tvisle) = fﬂl a0 (3{1 —-z4)(1 — a:_))D(1:+)D(:=*)E(a:+a:_)dz+dm_, (4)

where og(s) and o,;,(s) are Born and visible cross sections respectively, D(z)
is a function of the fraction of energy z taken by emitted photons calcu-
lated in [16]. Here z,,z_ refer to initial electron and positron respectively,
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e(z4,z_) is an efficiency to detect the 3my(7y) system as 37 which is calcu-
lated using Monte Carlo. The effect of radiative corrections is usually small
and can be expressed as a factor (1 + 6,q4(5)):

Ovis(s) = oo(s)(1 + drad(s)), (5)

which is calculated by the iterative procedure using the energy dependence
of the cross section according to (4). For the last two energy points og(s) <
ovis(8) and the obtained &,44(8) is a big factor. This results in decreasing
accuracy for o¢(s) determination.

The beam energy spread for this experiment was cp = 0.30 MeV. The
visible cross section is the convolution of the true cross section with the beam
energy distribution and is taken into account by the factor dyiq.

The values of the luminosity, efficiency and corrections discussed above
as well as the number of events and experimental value of the cross section
for each energy point are presented in Table 2. The energy of the collider
was set roughly by the dipole magnet current. A more precise determination
of the beam energy was made using the measurement of the average momen-
tum of the charged kaons in the ete™ — ¢ - KTK~ reaction [13]. The
energy errors shown in Table 2 include the statistical uncertainty as well as
the point-to-point energy accuracy. The uncertainty of the absolute energy
determination was 0.1 MeV,

¢-meson parameters

The cross section of ete~ —» 37 was parametrized by a sum of three inter-
fering amplitudes — ¢ and w mesons with some constant background.

G'Err(S) —— FBZ(S) AL + A‘;.Em‘ 4 fibg_lz, (6)
2 3
_ myLv/ov/Fs(mp)
A= T T iyeTy (5) @)
Abg = Mg\ [0bg/ F3x(m3), (8)

where my,I'v, oy are mass, width and peak cross section (s = m? ) for the
vector meson ¢ or w, d; is a relative phase of ¢ — w mixing, A, is the non-
resonant part of the cross section, Fs.(s) is a smooth function which describes
the dynamics of ¢(w) — 37 decay including the phase space. Non-resonant

9



Table 2: Reconstruction efficiencies and measured 3m cross section

2E, MeV | Ldt, nb~" Nax dme Srad Owid Oax,nnb
994.00 £0.20 152.04+0.70 96+12 0.15+0.06 —0.136 O 18+ 3
1012.76 £ 0.06 110.90+0.58 376 +£21 0.15+0.06 —0.239 0.006 10810
1016.54 £ 0.07 85.47+0.51 79630 0.13+0.07 -0.278 0.015 298+16
1018.26 £ 0.06 93.50 4+ 0.54 1379+ 40 0.20+0.05 —0.284 —0.010 533 + 23
1018.87 £ 0.06 110.79+0.58 1917 £ 48 0.23+0.04 —0.276 —0.028 650 £ 25
1019.51 £ 0.06 82.96+0.49 1615+ 43 0.13+0.04 —0.254 —0.031 627 %+ 21
1020.76 £ 0.06 89.12+0.51 1276 +£39 0.06+0.05 —0.162 0.004 369%16
1021.35 £ 0.06 80.80 +0.52 86732 0.09+0.06 —0.105 0.013 26516
1021.54 + 0.06 85.50 £ 0.50 828431 0.23+0.06 —0.084 0.014 27418
1022.23 £ 0.06 93.424+0.53 644428 0.15+006 0.004 0.015 16416
1022.04 + 0.06 123.36 +0.62 584427 0.15+0.06 0.104 0013 10311
1025.35 + 0.07 114.33+0.59 281419 0.15+0.06 0.600 0.006 37% 6
1029.20 4+ 0.07 121.73+0.63 110+ 14 0.15+0.06 2170 0.003 T 4
1040.00 £0.20 81..76+0.51 25+9 0.15+0.06 56.588 0 1Y

background can originate either from the higher resonances such as w(1400)

or the existence of non-resonant diagrams like box anomalies [17].
The energy dependence of the ¢-meson width was written as

I¢(s) =Ty (BK+K-

Fo(8) V5 F3r(5)
4+ Bpy =21~ + Bar ; 9
) P g P () "
and the w-meson width
m? Fae(s) Froy(s) \/5 Fax(s)
T,(s) = [y | Byt g —2—t + Brony=—=———1——+ B3y i . (10
(s) (Besx i) TV o (2] mwpgn(mi)) )

where

mﬁ.FK+K- (s)

sFg+ - (m3)

miFHSKL (5)

KsK
it " S (mi}

Fg(s) = (6/4 - mk)2, Fyls) = (Va1 = m3/s))®.  (11)

The cross section values were fitted by the function (6). For the Fag(s)
calculation the model assuming the decay ¢(w) — pm — 3w was used. The
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¢-meson mass, peak cross section and background cross section were opti-
mized, while T’y and w-meson parameters were fixed at their world average
values [15]. The following results were obtained:

mg = 1019.51 4 0.07 £ 0.10 MeV,

Sona =100 1T,
Opeak = 619+ 39 X 12 nb,
obg = 0.32 £ 0.22 nb,
x?/N; = 11/10.

The experimental points and the fitting curve are shown in Fig. 2. The
second error for m, characterizes the uncertainty of the collider energy. If I'y

5800
e
S 700 |
600 |
500
400
300 |
200 ¢
100 }

G A R A T VT (e [0 O o S (M G s A S sk
990 1000 1010 1020 1030 1040
2E peom: MeV

Figure 2: The excitation curve for the ¢-meson in the channel rtr =0,

is free, its optimal value is 4.21 £ 0.13 MeV which doesn’t contradict to [15].
Other parameters do not change considerably, but the accuracy of the phase
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determination §5_, = 161 + 25° becomes worse. The obtained data on the
width and peak cross section correspond to the following branching ratio of
¢ — 3n if the value T'ee/Ttotar = (3.00 £ 0.06) x 10~* [15] is used:

Bysax = 0.145 % 0.009 = 0.003,

where the first error is statistical and the second one is systematic and related
to the efficiency determination.
These values are consistent with the corresponding world average values.

Dalitz plot analysis

To study the ¢ — 3 decay dynamics, the Dalitz plot was analyzed. Recon-
structed events from 8 energy points in the range of 1016 — 1023 MeV were
selected for the plot. The pion momentum values used in this analysis were
calculated by the kinematic reconstruction using the maximum likelihood
method with the constraints of 4-momentum conservation as well as the n°
origin of two photons. The number of selected events was 9735. We used the
symmetrical Dalitz plot of 2Epeam/3 — Exo versus |E 4+ — E,—|/+/3 with a
bin size of 20 x 20 MeV. The experimental distribution is shown in Fig. 3.

The background for different regions was estimated as described above.
Then the number of background events in each cell of the Dalitz plot ap-
proximated by a polynomial was subtracted. For each Dalitz plot cell the
detection efficiency calculated by the Monte Carlo was applied to get the
final distribution which was then fitted by the theoretical function.

In the framework of the VDM model the decay ¢(w) — 37 is dominated
by the ¢(w)pm pole diagram; however some theoretical works predict a direct
contact term ¢(w} — 37 [18, 19, 20, 21, 22]. Then the differential cross
section of the process can be presented as

do = C|py x p-|?|Ana1€'® + A p|2dE+dE_, (12)

Apr = 1/Dp(Q) +1/Dp-(Q2) + 1/Dpo(Q3), (13)

where 1/D,:(Q?) is a propagator of the p-meson for the four-momentum
squared Q?; Anae’? is the contact term amplitude; C is a normalization
constant(which depends on s). Another normalization constant, (A4, = 7.92),
is defined by the condition:

[ 154 % P-PlAPdELdE- = [ 1) % 5-PlApedELdE-.
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Figure 3: The experimental 3w distribution over half of the Dalitz plot.

It means that the case of a; = 1 corresponds to the equal contributions from
pm and direct 3w final states.

The p-meson is a rather wide resonance and there exist various models for
its shape description [23, 24, 25]. To search for the contact term we should
define the p-meson shape and its parameters. The world average p-meson
parameters M, = 770.9+ 0.9 MeV and I'y = 150.56 £ 0.9 MeV are results
of averaging many experiments on p production both in ete~ and in hadron
interactions. The spread of the experimental data on the p-meson mass
exceeds the rms both of the world average and the individual experiments.
This is probably due to the influence of the final state interaction on the p
shape in hadron experiments. Therefore we used the p-meson parameters
which were obtained from the CMD-2 data [26] using HLS model [27](M, =
775.1+£0.7 MeV and I') = 147.9+1.5 MeV) and are in good agreement with
the previous ete™ measurements at VEPP-2M [28]. The charged p-meson
parameters have been measured recently in 7 — pr [29] and are also in good
agreement with those of the p® from ete~ data [26].

The shape of the p-meson was described by the relativistic Breit-Wigner

13



with the following Q* dependence of the width:
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Figure 4: Dynamics of the 3n-decay.
Each plot is a slice of the two dimensional Dalitz plot along the axis Y =
2Ebeam — Exo for a certain bin of X = |E4 — E.|/v/3 of 20 MeV width. The
fitted functions are: solid line — optimal a; (which is indistinguishable from
pure pr); dashed line — only contact term without pr.
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Table 3: Contact term amplitude for different models of p

Model [24] | M,,MeV | T,,MeV | A ai x* [Ny
HLS 775.15 147.67 | 1.056 | —0.020 £ 0.050 | 84/77
VDMI1 774.67 147.11 1.038 | —0.013+0.051 | 83/77
VDM2 780.37 155.44 | 0.567 | —0.038 £ 0.053 | 89/77
WCCWZ 770.89 140.6 | 1.623 | —0.022£0.047 | 82/77

The data were fit by the function (12) for two optimized parameters C, a;.
We used a fixed zero value ¢ predicted by the low energy theorem [18]. The
existing accuracy is not sufficient for the phase determination because the p
width is large and the allowed Q*-range is not wide enough. The fit gives
the value of the parameter a; = —0.01£0.06 +0.05 with x?/N; = 1.08. The
first error corresponds to the statistical uncertainty while the second one
appears due to the accuracy of the detection efficiency. The experimental
points together with fitting functions are shown in Fig. 4.

The experimental data doesn’t contradict to the pure ¢ — pr mechanism
to describe the decay.

As mentioned above, the value of a; depends on the p-meson shape. To
estimate the error caused by the model uncertainty we tried several models
which describe ete™ — ntr~ data [24]. The results are presented in Ta-
ble 3. The parameter A is a fitting parameter describing the p width energy
dependence in the models [24].

2 Mf A+1)/2
(@) = Tp(55) V% (
Taking into account the model dependence, we can set limits on the con-
tact term amplitude at 90% C.L.:

Q2 — 4m2 \3/2
M3 - 4m§) j

—0.16 < a; < 0.11

That doesn’t contradict to the result of [7T] s px /T 32 > 0.8 at 90% C.L.,
where the interference of the pm-amplitude and the contact term was ignored.

The contribution of the contact term can not be described as a branching
ratio of the direct ¢ — 3« decay since the cross section (12) contains a strong
interference term 2 [ C|py x p-|*|Ana1'?Apx|*dEdE_ due to the large
width of p-meson. It means that the ¢ — 37 decay has to be characterized

15



by the branching ratio which includes both final states and by the contact
term contribution a, relatively to the amplitude of ¢ — pr.

Theoretical predictions for this quantity also show a spread of values. For
example, the value of the contact term predicted in {20] is expressed via the
p coupling constant g xn:

1-3a
Apay = — PO

where a = (L’%ﬂfl]z ~ (.55, for fr ~ 93 MeV and E;";f— ~ 3. It corresponds
to a; =~ 0.15. According to [19] the contact term should be
1-3a+3/2a%

An'ﬂ:] _ '
L |

corresponding to a; = 0.05. Unfortunately, the present accuracy is not suffi-
cient to confirm or reject these predictions.

It should also be mentioned that there is a model [30] which predicts an
interaction between a pion and p in the final state which can change relative
phases and amplitudes of pr-terms in (13), but its effect is small and beyond
the present experimental accuracy.

Search for direct decay ¢ — ntn y

The decay of the ¢-meson to the final state with two pions and two photons
can contain a small admixture of the non ¢ = 7=+ 7~ 7% mode as, for example,
¢ — yn = wtx"4y. In the present work we searched for events of the
¢ — ntn~~yy when there is no intermediate 7° or 5 — mwy state.

For this purpose we selected events with two photons and two tracks
satisfying the requirements described earlier, but with a stronger cut for
Rpmin < 0.2 em. To suppress the ete™ vy background the energy deposition
in the calorimeter for each charged particle was required to be different from
its momentum |E¢y, ;/pi — 1| > 0.2. The detected photon was required to
have a polar angle within the region of the good efficiency of the calorimeter
|8y — = /2] < 0.67 and the detected photon energy E., > 30 MeV. It was also
required that the photon lies more than 0.5 radians away from the closest
charge particle cluster: Avyen; > 0.5 to suppress the fake clusters produced
by a pion shower,

The nonresonant background for this process coming from radiative pro-
cesses ete™ — ete™ vy, eTe™ — pyy and ete™ — py was estimated from the
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analysis of the cross section energy dependence. The contribution of the reso-
nant background due to the wrong reconstructmn of the decays ¢ = KK and

¢ — ny was suppressed by applying a cut T 5

}3&3 . | 5118 }36\‘3 r [ ENTHIES 497
] [ @ : b)
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Figure 5: Scatter plot of two photon invariant mass versus maximum photon
energy: a) — for resonance region; b) — for background.

In Fig. 5 the distributions of m., versus Eym,, for selected events are
shown for the resonance energy region 1015 < E; . < 1025 MeV and outside
it. The regions in Fig. 5 correspond to the following processes:

e (1) 100 < myy < 170 MeV — 3m-events;

o (2) |myy — 135 > 35 MeV and 340 < Eymaz < 380 MeV ~ ¢ = 0 —
Y

o (3) [myy — 135] > 35 MeV, |Eymaz — 360| > 20 MeV and Eypmar >
70 MeV — the searched process ¢ — pv7;

e (4) 590 > m., > 510 MeV ~ G-parity forbidden process ¢ —=+atnn n—=
Y-

52 and 8 events were found in regions (3) and (4) respectively at .14 energy
points. The average number of events at each energy point was written as

ni = (obg + £0res(8)) L, (14)

where 0,¢,(s) is the resonant cross section which was assumed to have the
same shape as for 37 (6) and op, is a background cross section taken to be
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Table 4: Branching ratios and background cross sections for the processes

region reaction Br; trgg = 0Opg/€1, nb
(2) ny,n— any | (1.6 1.7) x 107* 0.22 £+ 0.20
(3) L e (87,2 x 10™* 1.9+0.4

(4) LA o {{J"__'gh} x 10=* 0.42+0.18

a constant. The values of the parameters £ and o, were obtained from the
minimization of the likelihood function

P = Zln(e'“" %d)’ (15)

where N; i1s the observed number of events at the energy point i, and n;
is the expected number which depends on £ and o4y (14). According to
the Monte Carlo simulation the detection efficiency of ¢ — nprtn~ is the
same as for 3 with 10% accuracy. Assuming the detection efficiency of the
wmwyy to be the same as for the 3w-reaction, we can estimate the branching
ratio Br(¢ — nryy) = €3/€1Br(¢ — 3n), and Br(¢ = ntr—n,n = y9) =
€4/€1Br(¢ — 3r), where £;,€3,&, are the obtained values of the parameter
€ for the regions (1), (3) and (4) respectively. Figure 6 shows the cross
sections for three regions (2-4). The optimal values of the branching ratios
and background cross sections are shown in Table 4. The obtained value for
Br(¢ — ny)Br(n = ntn~«) doesn’t contradict to the world average value
(6.2 &£ 0.6) x 10~*. The optimal values of ¢ < 0 for regions (3,4) lie in
the unphysical region and we can set upper limits for these processes. The
found number of events corresponds to upper limits 5 x 10~% at 90% C.L.
for nt 7~y and 1.2 x 10~* at 90% C.L. for n¥7~n, n — yv. Taking into
account the branching ratio of the decay Br(n — vy) = 39.25 + 0.31%
we found an upper limit for the process Br(¢ — natn~) < 3 x 10™* at
90 % C.L. It is higher than predicted in [31]. If the observed events in
ntx~~y are interpreted as those of the process ¢ — pyy and calculating
the efficiency according to [32], we can set an upper limit for the process
Br(¢ = pvy) <5x10~* at 90 % C.L.
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Figure 6: Cross section behaviour for the wmy+y final state for regions of
Fig. 5. Solid and dashed lines correspond to the optimal fit parameters and
90% C.L. upper limits respectively.

Conclusions

Using the data sample of 11169 completely reconstructed n#+n~ 7% events
collected by CMD-2, we have obtained the following results. The branching
ratio of ¢ — a7~ #" and the angle of ¢ — w mixing were measured to be

l'?pﬂak - ﬁlg :I: 39 i 12 Hb,
By—yan = 0.145 + 0.009 = 0.003,
Spou = 162 £ 17°.

The distribution of 9735 ¢ — 37 events on the Dalitz plot was analyzed and
it was found that the mechanism of the decay is consistent with the pr model.
The possible contribution of the contact term amplitude is

~0.16 < a; < 0.11
19




at 90 % C.L. if the p shape is taken from ete~ data.
For the first time the upper limits for decays ¢ — pyy and ¢ — nrtn
were found at 90 % C.L.:

Br(¢ — pyy) <5 x 1074,

Br(¢ = nrtr™) <3 x 1074
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