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In the SND experiment at VEPP-2M e*e™ collider the ¢(1020) — x°x°~ decay was studied. Its branching ratio
B(¢ - 7°7°y) = (1.14£0.10 £0.12) - 10~ was measured. It was shown, that fo(980)y mechanism dominates in

this decay. The structure of the fo(980) meson is discussed.

1. Introduction

First search for ¢ — n%n%y decay was carried
out with the ND detector at VEPP-2M ete™ col-
lider in 1987 [1,2]. In this early experiment the
upper limit B(¢ — m°7°y) < 10~ was imposed.
As it was shown later by N.Achasov [3], study of
this decay can provide a unique information on
the structure of the fo(980) meson. Subsequent
studies [4-9] proved this idea. In these works
different models of the f(980)-meson structure
were considered. The most popular were 2-quark
model [10], 4-quark MIT-bag model [11], and K K
molecular model [6].

The study of radiative decays of ¢(1020) was
one of the main goals of the new Spherical Non-
magnetic Detector (SND) [12,13] which has been
designed in Novosibirsk. It has better hermetic-
ity, granularity, energy, and spatial resolution
than the previous ND detector [2]. In 1995
SND started operation at VEPP-2M. In 1996 the
PHI96 experiment to study ¢ decays was car-
ried out [14]. The total integrated luminosity of
3.9 pb~! was collected which corresponds to about
8-10° produced ¢-mesons. First indications of the
reaction

ete = ¢ = 7°2% (1)

were seen by SND in 1997 [15] on the basis of half
statistic of PHI96. It was shown that fo(980)y
mechanism of the ¢-meson decay dominates. At
the same time CMD2 collaboration performed a
search of the process ¢ — fo(980)y — x* 7~ [16]
but only a new upper limit was imposed. After
completing the analysis of PHI96 experiment the
results were publication [17]. In 1998 CMD2 [18]
confirmed the existence of the reaction (1). At
the same time the new experiment PHI98 [19] has
been performed at VEPP-2M with the integrated
luminosity 6.0 pb~! which corresponding to about
12 - 10° ¢ mesons produced. In this work the
current status of the SND study of the process

(1) is reported.

2. Data analysis

Main resonant background to the decay (1)
comes from the process

ete™ = ¢ = ny = 3n¥y (2)

due to the merging of photons and/or loss of
photons through the openings in the calorimeter.
The main source of non-resonant background is a
process

etem = wn® = 7% (3)

The background from the ¢ — pr® — n%7%y de-
cay is small [5,20], nevertheless its amplitude was
included into simulation of the process (3). The
background from the QED 5y-annihilation pro-
cess was estimated and found to be negligible.
The ¢ = Ks Ky — n°7° K|, decay can contribute
due to nuclear interactions of Ky mesons in the
material of the calorimeter but the process is sup-
pressed by our cuts.

After applying cuts described in details -in
Ref.[17] the sample of 7?7y events was selected
in the PHI96 experiment. In the energy region
of this experiment the invariant mass of the pion
pair in the process (3) is less than 700 MeV'. In
the events satisfying this condition clear w(782)
peak is seen in m,. distribution (Fig.1), proving
the dominance of the process (3) in this kinematic
region. The my- parameter was defined as an in-
variant mass of the recoil photon and one of #°
mesons, closest to the w-meson mass. The 499
found events with 750 MeV < myy < 8156 MeV
were assigned to wn® class, while 189 events with
My outside this interval and mgr > 700 MeV
were assigned to 7°7% class. Subtracting the cal-
culated contribution of the process (2) and using
estimated probabilities of events misidentification
for the processes (1) and (3), the number of the
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Figure 1. Distribution of 7%y invariant mass for
Mer < T00 MeV. Points — data, histogram -
simulation, shaded histogram — sum of simulated
contributions from ¢ — 7y and ¢ —= 7°7%y de-
cays, arrows — selection of the wn® class.

events of the process (3) in the wn® class was es-
timated to be equal to 449. The corresponding
number of events of the decay (1) in the n%x°y
class is 164. The background from the process
(3) was estimated using events of the wn® class.
No additional knowledge of the actual production
cross section of this process was necessary.

For the events of the 7%7%y and wn? classes the
comparison of experimental and simulated distri-
butions in 1 and # angles was done. The ¢ is an
angle of the recoil photon with respect to pion
direction in the 7°n° center of mass reference
frame, 0 is an angle between recoil photon and
the beam. The distribution of 8 for 7%7%y events
with pion pair in a scalar state must be propor-
tional to 14cos?8 and uniform in cost. The com-
' parison (Fig.2a,c) shows, that in the 7°x%y class
pions are actually produced in the scalar state.
On the contrary, the experimental events of the
wn® class (Fig.2b,d) well match the hypothesis
of the intermediate wn® state with quite different
¢ distribution. In addition, the spectrum was
obtained (Fig.3) of the photon with the smallest
energy in an event from the 7°z%y class, which
demonstrate good coincidence between the data
and the simulation.

The #%#° invariant mass distribution for the
events with my- outside the 760 MeV < mqy <
815 MeV interval (Fig.4a) shows significant ex-
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Figure 2. a, b — cosine of 1, the angle between
directions of #° and recoil v in the rest frame of
%7 system; c, d — distributions of @, angle of
the recoil ¥ with respect to the beam. Points —
data, histogram — simulation.
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Figure 3. The energy deposition of the photon
with the minimal energy in an event of the #%7%y
class. Points — data, histogram — simulation,
shaded histogram - estimated background con-
tribution from ete~ — wn® and ¢ — ny.
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Figure 4. a — invariant mass distribution of
7070 pairs for selected 7°7%y events without ac-
ceptance corrections. Histogram — data, shaded
histogram — estimated background contribution
from ete~ — wn® and ¢ — ny; b — detection
efficiency for 7°n%+ events.

cess over background at large myr. At mgr <
600 MeV the sum of background contributions
dominates. The detection efficiency (Fig.4b) for
the process (1) was determined using simulation
of the process ¢ — Sy — 7°n°y, where S is
a scalar state with a mass ranging from 300 to
1000 MeV and zero width. In addition, this sim-
ulation provided information on 7%#° invariant
mass resolution and event misidentification prob-
ability as a function of Mmxx.

After background subtraction, correction for
detection efficiency, and correction for misidenti-
fication, the mass spectrum was obtained (Fig.5).
For masses in the (600—850) MeV interval the in-
variant mass resolution is equal to 12 MeV/, so the
20 MeV bin size was chosen. At higher masses
the resolution improves, reaching 7.5 MeV at
950 MeV, thus the bin size of 10 MeV was used
for higher masses.

To check the accuracy of the detection effi-
ciency, obtained from simulation, events of the
process (2) with 7 photons in the final state and
three reconstructed m° mesons were analyzed [21].
All other selection criteria were the same as in the
7°7%y analysis. The number of observed events
of the process (2) together with the PDG Table
value for B(¢ — nv) = (1.26 % 0.06) % [22] and

known total integrated luminosity provided inde-
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Figure 5. The measured n°#° invariant mass
spectrum. Background is subtracted and effi-
ciency corrections applied. Points — data, solid
line — the result of the “broad resonance” fit,
dashed line — the result of the “narrow resonance”
fit.

pendent efficiency estimation, based on the data.
Obtained 10% difference between experimental
and simulated detection efficiencies was used as
a correction to the 7°#%y detection efficiency, ob-
tained from simulation. Such an approach mini-
mizes systematic errors corresponding to inaccu-
rate simulation of tails of distributions, used for
event selection.

To monitor the stability of experimental re-
sults, the number of 770y events was checked
separately in all 7 experimental runs of PHI96.
The results for all runs agree well within statisti-
cal uncertainty. Another important proof of va-
lidity of the results is the study of the process (2)
[21], whose properties are very close to the de-
cay under study. The preliminary analysis of the
PHI98 data shows a qualitative agreement with
the results of the PHI96 experiment. The differ-
ence between these experiments comes from two
main factors: upgrade of the calorimeter electron-
ics before PHI98 and higher trigger rate in PHI98.

3. Results

Summing data the from the Fig.b one can es-
timate branching ratio of the decay (1) for the
mass range Mgy > 100 MeV

B(¢ — 7°x%) = (1.00 £ 0.07+0.12) - 1074, (4)
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and for myx > 900 MeV
B(¢ — n°1%) = (0.50 £ 0.06 £ 0.06) - 10~*. (5)

Here the first error is statistical and the second
is systematic, which was estimated to be close to
12 %. The systematic error is determined mainly
by the following contributions:

o the background subtraction error, which de-
creases almost linearly with the increase of
invariant mass my, and is 5 % on average;

e error in the detection efficiency estimation,
which increases with mg, and is equal to
8 % on average;

o systematic error in B(¢ — 7y) is equal to
5 %.

The my, invariant mass spectrum (Fig.5) was
fitted according to Refs.[3] and further used for
the simulation of the decay (1). As a result the
detection efficiency of the process (1) was esti-
mated (14.72 %) for invariant masses within the
(600 — 1000) MeV interval (Fig.4a). This effi-
ciency was used in the fitting of the ¢-resonance
excitation curve. The visible cross section in each
energy point oyi,(s) was described as a sum of
the processes (1), (2), and (3) with efficiency and
radiative corrections taken into account for each
process. The background cross section due to the
process (3) was estimated by fitting the visible
cross section of the events of the wn® type with
a linear function. The background from the pro-
cess (2) was obtained from the simulation. The
only free parameter of the fit was the ¢ — n%7%
branching ratio, all other ¢—meson parameters
were taken from the PDG data [22]. As a result
(Fig.6), the following value was obtained:

B(¢ — n°n°%) = (1.14£0.10£ 0.12) - 10~*, (6)

which, in contrast with (4) and (5), is valid for
the whole mass spectrum. In the systematic er-
ror estimation the following considerations were
taken into account. In comparison with the re-
sults (4) and (5) the accuracy of normalization
3 % and efficiency estimation 5 % are higher here,
the background subtraction error 5 % is the same,
but an additional systematic error 6 % exists, due
to uncertainty in extrapolation of the invariant
mass spectrum into the region my, < 600 MeV.
Smaller systematic uncertainty has a ratio of
branching ratios:

B(¢ = n°7%)

= g -2
B =1 = (0.90 % 0.08 £ 0.07) - 1072, (7)
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Figure 6. Energy dependence of the visible
ete~ — 7%7%y cross section. Points ~ data, solid
line — fit, dotted line ~ estimated background con-
tribution from ete~ — wn® and ¢ — 0y,

4. Discussion

We would like to emphasize that all results
presented in the previous section are not based
on model assumptions about fy structure. The
enhancement at large mq. (Fig.5) is compatible
only with a large foy contribution. Assuming
that the process (1) is fully determined by foy
mechanism, using the relation B(fo = nt7~) =
2B(fo — n°n°), and neglecting the decay ¢ —
K K+ [3], we can obtain from (6)

B(¢ — fo(980)7) = (3.42+0.30+0.36) - 107*.(8)

Further analysis is carried out without this as-
sumption. The intermediate states in the decay
(1) are foy and oy [20]. In that case the mass
spectrum can be described by the following ex-
pression:

dBr(¢ = n°1°y) 2m2,T(¢ = for)I'(fo = #°7°)
dMpx z ‘KF¢ ,
1 Ay €7 2
Df(mir!r) Do(m,.-,,)

where D,(mgs) is a scalar meson propagator,
I(fo = n°x°) and I'(¢ — foy) are functions
of Myr, As = YorrG¢oy/9sxndss~ takes into ac-
count contribution from ¢-meson. The width of
decay of the scalar meson can be written as

2
= 4m?
I'(fo - n°1°) = :Qf;:”,/l- e ()
T




Figure 7. The diagram of the ¢ = n%7%y decay.

The expression for the propagator is D,(m) =
m2 —m? — i . ml';(m). Because the decay mode
fo = KK is negligible in the mass range of inter-
est (Fig.5) the relation I'y(m) = 3I'(fo — 7°x°)
is used for the fo propogator. The o-meson pa-
rameters were fixed according to Ref.[20] m, =
1GeV, T, =800 MeV, p, =0.

In the “narrow resonance” approximation [23]
the width I'(¢ — foy) depends on the coupling
constant gss. But this simple approximation
seems inadequate for f, meson. In decay un-
der study the width corrections might be very
large [23]. Instead of calculating such corrections
we used complete formulas from Ref.[3] for the
“broad resonance” fit which are based on the di-
agram with kaon triangle (Fig.7). In this case
the width I'(¢ — foy) depends on the product
Y$KK *9fKK-

The results of the fit are presented in Table 1.
Comparison of the results of the fits shows a
strong model dependence of fs-meson parame-
ters. The statistic accuracy does not allow to de-
fine the level of the amplitude of o in (9). At the
same time fitting curves in Fig.h practically co-
incide. Of course, the “broad resonance” param-
eterization looks more realistic. In this case the
value of the coupling constant g7y /47 = 2.13
obtained from the fit agrees with the predictions
of 4-quark MIT-bag model (2.3 GeV? [3,11]) as
well as the value of the branching ratio (8). The
corresponding predictions of the KK molecular
model (0.6 GeV'? [6,20]) and the 2-quark model
(0.3 GeV? [3]) are lower. Of course, there is an
open question: what is the precision of the pre-
dictions?

Thus, the measured ¢ — foy branching ratio
and coupling constants are higher than 2-quark
and KK model predictions, that can be consid-
ered as another indication of significant 4-quark
MIT-bag part in the fy meson not excluding par-
tial contribution from other quark configurations,
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e.g. s3 or KK. To determine contributions of any
possible transition mechanisms and any quark
configurations in fp the statistic for the process
(1) has to be increased by at least an order of
magnitude.

5. Conclusion

In the PHI96 experiment the ¢ — 7%7% ra-
diative decay was observed for the first time
and its branching ratio was measured. The ob-
served enhancement at high mg, in the invari-
ant mass spectrum together with angular distri-
butions agreeing with scalar intermediate 7%#°
state show, that fo(980)y transition mechanism
dominates in this decay. New SND (PHI98) and
CMD2 results confirm first observation.

The measured f; parameters are strongly
model dependent due to the fact that fo meson is
broad and its mass is close to KK threshold, mak-
ing simple Breit-Wigner description of the reso-
nance inadequate.

The observed high decay probability ~ 10~4
gives evidence, that fy meson contains significant
4-quark component.
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