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We present the results of the studies of radiative decays of ¢ meson into 1y, #°y and nty final states, performed
in SND experiment at the VEPP-2M collider, The following values for the decay probabilities were obtained

B(¢ - nv) = (1.338 £0.012 £ 0.052)% for n — v+ decay mode, B(¢ = ny) =
decay mode, B(¢ — n°7) = (1.173 £ 0.03310:13) x 10™°, and B(¢ = ni) =

1. Introduction

The studies of the radiative decays of light vec-
tor mesons (p, w, ¢) in ete~ collisions play an
important role in understanding of the electro-
magnetic structure of ¢g-states and low-energy
behavior of strong interactions [1-3]. With the
beginning of CMD-2 [4] and SND [5,6] experi-
ments at the VEPP-2M collider, a new opportu-
nity emerges to increase significantly experimen-
tal statistics and reduce the uncertainties of the
observed results.

In this work we present the results of studies of
the processes ete~ — 7v, 7%y, and gty in the
¢-meson region, which were obtained with the
experimental data gathered in the SND experi-
ment. Previous information on these processes is
mainly from the ete™ experiments ND (7], and
CMD-2 [8-10], performed also at VEPP-2M.

2. Detector SND and experiment

SND is a general-purpose non-magnetic detec-
tor [5] designed and optimized for the observation
of neutral particles. The main part of the detec-
tor is an electromagnetic calorimeter built of 1632
Nal(T1) crystals. Full thickness of the calorimeter
for the particles originating from the interaction
point is 13.5Xo. The calorimeter provides a good
energy resolution for photons, which can be ap-
proximated as og(E)/E = 4.2%/E(GeV)Y/4 [11].
An angular resolution is determined primarily by
the size of the crystals and is approximately equal
to g, = 1.5° [12]. The calorimeter and the event
reconstruction program allow to detect photons
with the energies above 20 MeV with a solid an-
gle coverage 90% of 4.

The experiments with the SND detector were
carried out at the VEPP-2M, collider with the
average luminosity ~ 10%° cm~2sec!. In this
work we present the results based on the ex-
perimental statistics collected during 1996 year,

(1.29+0.02 £ 0.057)% for n — 3x°
(6.7133) x 107%,

which includes 7 scans of the energy region 985
1040 MeV. Total integrated luminosity accumu-
lated in these scans is 4.3 pb~!, corresponding to
approximately 8.2 x 10° events of ¢ meson decays.

3. Decays ¢ — 1y, 7%y = 3y

Two radiative decays ¢ — 7y and ¢ — 70y
were studied in 3-gamma final state in the pro-
cesses ete™ — 0y, 7% — yyy. The main back-
ground is coming from non-resonant QED three-
quanta annihilation ete~ — vy, and from the
two-quanta annihilation with the appearance of
additional spurious hits in the calorimeter.

The analysis of the data was performed in
two stages. The pre-selection imposed following
conditions: (1) presence of three or four recon-
structed photons, (2) total energy deposition in
the calorimeter (E}q) is in the range from 0.7./s
to 1.2\/s, where s = 4EZ,, , (3) the absolute
value of the sum of the momenta of all parti-
cles is lower than 0.2E.:/c, (4) minimal energy of
the photons is 50 MeV; polar angle for the pho-
tons with energies 50-100 MeV is in the range
45° < @ < 135°, for the photons with the ener-
gies higher than 100 MeV — 27° < @ < 153°. The
last condition was introduced to suppress the spu-
rious hits in the calorimeter, which appear mainly
in the crystals closest to the beam. The number
of events, which passed this preliminary selection,
was about 139 000.

Further selection was based on the kinematic
fit of the events. Employing the 4-momentum
conservation it is possible with this procedure to
build statistical tests for the different intermedi-
ate states in the observed event. For each event
the following four hypotheses were tested:

1. hypothesis Hj,: two most energetic pho-
tons are due to the process ete~ —
vv. This hypothesis was used for the fur-
ther suppression of spurious signals in the




calorimeter,

2. hypothesis H3,: three photons in the event
are from the process e*e~ — vy (QED),

3. hypothesis H,.: three photons in the event
are from the process ete™ — ny = vv7,

4. hypothesis H,,: three photons in the event
are from the process ete™ — 7% — yvyy.

One can notice that the hypotheses H,. and H.
are similar to the hypothesis Hj,, but have the
additional constraint on the invariant mass of the
pair of photons. For the further analysis only
the events which satisfy the Ha, hypothesis but
do not satisfy the Hy, hypothesis were selected.
These events were divided further into 4 non-
overlapping classes using the hypotheses H,, and
Hyy:

A. events satisfying hypothesis H,. but not Hy.,
B. events satisfying hypothesis Hy, but not H,,

C. events satisfying both hypotheses H,, and
Hyy,

D. events not satisfying any of the hypotheses
H,y and Hy,.

Classes A and B contain events of the processes
ete™ — ny and ete — 7%y respectively,
with some small admixture of events ete~ —
vyy (QED). Class D contains events of process
ete™ — yyy (QED), while class C contains
events from all three processes.

The expected number of events for each selec-
tion class in one energy point was approximated
by the dependence

NME) = L(E) x Y 0,(E)Bp(E)eqp(E), (1)
P

where N;"(E) is the expected number of events
in the selection class ¢, L(E) is the integrated
luminosity in the energy point, o, (E) is a cross-
section of the process p, 3,(F) is a factor taking
into account radiative corrections [13] and a beam
energy spread, £,,(F) is an efficiency of the se-
lection algorithm for the process p in the selec-
tion class ¢q. Summation is performed over the
three main processes — ete™ — 7y, ete™ — 7%
and ete~ — vvv, a contribution from other

processes, both resonant and non-resonant, esti-

mated from the full simulation, is negligible.

For the description of the cross-section of pro-
cesses ete~ — P+, where P is a pseudoscalar
meson, the following dependence was used:

2

o) = LG S v, (2)
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where oypy = 120B(V = ete”)B(V =
Py)/m¥ is the cross section of the process
ete” — V — Py at the maximum of vector res-
onance V. F(s) is the phase space factor for the
process ete~ — Py. Phases of vector mesons
were taken to be ¢, = ¢, = 0, py = 180° for ny
decay, @4 = (158 & 11)° for #%y decay.

The cross section of the process ete™ — yyy
was described using the formulae from ref. [14],
which do not take into account the radiative cor-
rections. The factor 3, in eq. (1) for this process
was determined from the fit of the experimental
data of the selection class D.

Parameters of the decays ¢ — 1y and ¢ — 7%y
were determined from the simultaneous fit of the
expected number of events to the number of the
observed events in selection classes A, B, and C.
Fig. 1 represents the registration cross section,
ovis = N/L, in selection classes A and B for
all experimental points together with the theo-
retical curves obtained from the fit. Using the
table values of B(¢ — ete™), B(n = ¥y) and
B(7® — y7) [15] we obtain the following values
from the fit:

B(¢ = my) = (1.3380.012+0.052)%, (3)
B(¢ = %) = (1.2260.03613-535) x 10~f4)

In the quoted errors the first represent a statisti-
cal error, and the second - systematic. The main
contributors to the systematic errors are uncer-
tainties in the integrated luminosity (2.5%), in
the efficiency evaluation (1-2%), and in the val-
ues B(¢ = ete™) (3%) and B(n = vv) (1%).
For the decay %y the uncertainty in the phase
@4 was also included in the systematic error (6%).
In the determination of the partial widths of de-
cays ¢ — ny and ¢ — 7%y some of the system-
atic effects are common to both, hence in their
ratio the errors caused by these effects cancel:
T'(¢ = my)/T(¢ = 7°%) = 10.9+ 0.3137.

4. Decay ¢ — 1y — 37%9
The same decay ¢ — 1y was studied in the dif-

" ferent final state when 7 decays into three =° [16)].

The characteristic feature of this process, used in
the analysis, is a fixed value of the energy of recoil
gamma. The events with 6 to 8 registered pho-
tons were selected for the analysis. The standard
SND cuts [17] for the energy-momentum balance
were applied to this events, which eliminate the
cosmic background and suppress the main back-
ground process ete™ = ¢ - KsK; — n°2°K7.
The total number of selected events is about
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Figure 1. Registration cross section for the selec-
tion classes A (plot a) and B (plot b). Curves
represent fitted cross section. Dashed lines give
the level of QED cross section.

10 000. Fig. 2 shows the spectra of the re-
coil mass of most energetic photon (M) ob-
tained from the data and the simulation. There
is a good agreement in the spectra not only in
the peak but also in the tail of the distribu-
tion, which is determined by the ete~™ — Ks K|,
background. This allows to estimate the contri-
bution from background which does not exceed
1%. For final selection of ny events a soft cut
400 MeV < M, < 620 MeV was used.

The number of selected events in each energy
point was fitted following the same approach as
in the previous section. The main sources of sys-
tematic errors in this measurement are essentially
the same. Using the table values of B(¢ — ete™)
and B(n — 37°) [15] the fitted value is

B(¢ = my) = (1.296 £ 0.024 £ 0.057)%.  (5)

The small difference between this number and the
published one [16] is due to the different model
used to describe the interference of p and w with
¢ meson.

Combining the result of this measurement with
the result from the previous section we obtain the
ratio of the decay widths of 7 in which some errors
caused by the systematic effects cancel:

I'(n — 37°)

= 0.796 & 0.016 = 0.016.
I'(n —vv)

(6)
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Figure 2. The recoil mass of the most energetic
photon in an event. Points — data, histogram -
simulation.

5. Decay ¢ — nty = ntr~ny

The decay ¢ — n/vy is a long-searched pro-
cess expected by many to clarify the question
about the gluonium content of n7. The first ob-
servation of this decay was done at VEPP-2M
in CMD-2 experiment [18]. The measurement
of this decay at SND was performed with #/ de-
caying into 7t 7~ and 7 into two 4’s. The fea-
tures of this decay are the low energy of the re-
coil gamma, which makes it hard to measure re-
liably, and the big number and large cross sec-
tions of the background processes, which include
ete™ =5 py = nta=nl, etem = ata~ 20, and
ete” = wr® = 7tx= 7% 0, For the analysis the
events with two charged tracks and three photons
were selected. To suppress the background a com-
plex selection algorithm was developed based on
the kinematics of all these processes. It was de-
scribed in details in the ref. [19]. Due to the strict
cuts, needed to suppress backgrounds, the selec-
tion efficiency for the events of the main process
is only 5.5%. Fig. 3 shows the plot of recoil mass
of the softest photon against the invariant mass
of two other photons for all selected events.

The intersection of the shaded regions on the
plot shows where the events of the decay ¢ —
nlvy should concentrate. We observe an excess of
the events in this region with respect to what is
expected from the background processes. This
excess gives an estimate for 5.232°5 events due
to ¢ — niy decay. It allows to conclude on the
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Figure 3. Plot of the recoil mass of the softest
photon (Mrec,3) against the invariant mass of two
other photons (M;3).

existence of the decay and obtain its branching
ratio:

B(¢ — niy) = (6.71'3‘_3) %187, (7

The systematic error, not included in the above
errors, is about 15% and determined mainly by
the error in the efficiency estimation.

6. Conclusion

The values B(¢ — n7) and B(¢ — n°y) ob-
tained at SND is one of the most precise mea-
surements. Their precision is limited by the sys-
tematic effects — uncertainties in the B(¢ —
e*te™) (3%), luminosity measurement (3%), error
in the ¢-meson phase determination in the OZI-
suppressed ¢ — 7%y decay (6%). On the con-
trary, the measurement precision of B(¢ — niv)
is limited by the available statistics and can be
greatly improved by DA®NE.
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