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Search for the processes ete™ — 7%7% ¥ in the energy range

2Ey = 0.98 — 1.38GeV

M.N.Achasov, K.I.Beloborodov, A.V.Berdyugin, A.V.Bozhenok, D.A.Bukin, S.V.Burdin, T.V.Dimova,
S.1.Dolinsky, V.P.Druzhinin, M.S.Dubrovin, I.A.Gaponenko, V.B.Golubev, V.N.Ivanchenko,
P.M.Ivanov, A.A Korol, S.V.Koshuba, E.V.Pakhtusova, A.A.Salnikov, S.1.Serednyakov, V.V.Shary,
Yu.M.Shatunov, V.A.Sidorov, Z.K.Silagadze, A.A.Valishev, A.V.Vasiljev * , Yu.S.Velikzhanin

The reactions e*e~ — 7°#°, nx°® were searched in the energy range 2Eq= 0.98—1.38 GeV by the SND detector
at the VEPP-2M e"e™ collider. No candidates for such reactions were found. The new upper limits on electron
branching ratios of tensor mesons az(1320) and f2(1270) were obtained at 90% confidence level: Br(a2(1320) —

ete™) <6.107° Br(£2(1270) —+ e*e™) < 6-1071°,

1. Introduction

C-even resonances can be produced in ete~
collisions through two-photon intermediate state
(fig. 1), although it is not easy to calculate the
corresponding cross section. Nevertheless, a ten-
sor meson electron width can be estimated in the
unitary limit [1] and it appears to be connected
to its two-photon width by a factor ~ a? [2]. The
actual value of the electron width can be even
several times larger due to the real part of the
amplitude, which can not be evaluated without
precise knowledge of the transition form factor.

C=+1

Figure 1. C-even resonance production diagram
in the ete™ interactions.

The modern experimental data for I'r_yy
[3] indicate the following unitary limits for the
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a2(1320) and f3(1270) tensor meson electron
widths:

Tunit.tim.(a2(1320) = ete™) ~ 0.01 eV, (1)
Tunit.dim.(f2(1270) — ete™) ~ 0.03 eV (2)

The only experimental result about these elec-
tron widths was obtained at e*e™ collider VEPP-
2M with ND detector [4]. In particular, the reac-
tions

ete™ = ay(1320) = nn” (3)
and
ete™ = £2(1270) = 7°x° (4)

with four photons in the final state were investi-
gated [5,6]. The following upper limits were ob-
tained at 90% confidence level:

['(a2(1320) = ete™) < 25 eV, (5)
[(f2(1270) 5 e*e™) < 1.7 eV (6)

In the present work the similar analysis is re-
peated for much more statistics gathered by more
advanced SND detector [7] at the same collider.

The cross section for the reaction (4) looks like

(8]
do
dQ

6
= 2E0 r2 ¢ Bce ) Bu'°1r° .2
=125. (“,;;’) e L (20), (7)

(ete™ = f2(1270) = n°2°) =

where s = 4E? (Ep being the beam energy), m
and I' are the mass and full width of the f,(1270)
meson. Bee and Byoqo are its decay branching ra-
tios into ete~ and 7%xC respectively. The same
formula with obvious changes holds for the pro-
cess (3).



In the unitary limit the above given formula
predicts about 1 pb total cross section at \/s=m;,
for the reaction (4). For the process (3) approx-
imately three times smaller total cross section is
expected.

~ 2. Detector, experiment

The Spherical Neutral Detector SND (7] oper-
ates at the VEPP-2M collider since 1995. In to-
tal about 30 pb~! integrated luminosity was col-
lected in the energy range 2Eqo= 0.4—1.4 GeV.

The main part of the SND detector is a spher-
ical three layer electromagnetic calorimeter con-
sisting of 1632 Nal(T1) crystals. The solid angle
coverage is 90% of 4n. The energy and angular
resolutions of the calorimeter for 500 MeV pho-
tons are 5% and 1.5° respectively. Charged parti-
cle tracks are registered by two coaxial cylindrical
drift chambers. :

During the 1997 experiment two successful
scans, up and down in energy, were performed in
the energy range 2Eo= 0.98—1.38 GeV with the
step 2AEqp= 10 MeV. This work is based on the
5.9 pb~! luminosity integral accumulated during
these scans. The systematic error in the luminos-
ity measurement is estimated to be about 3%.

3. Event selection

The events with only four photons in the final
state were selected to search the processes (3) and
(4). The main background processes are:

ete”™ - wn® o #0704, (8
ete™ = 4y (QED), (9)
ete™ = wy = vy, 7y, (10)
ete™ = ¢y = nyy, 7%yy. (11)

These background processes have total cross sec-
tions which are several orders of magnitude larger
then for the processes under study (3) and (4). To
construct the selection criteria and estimate de-
tection efficiencies for the processes (3), (4), (8),
(9), (10), (11), Monte Carlo simulation was per-
formed with the program UNIMOD2 [9]. The
following selection criteria were applied:

e Ny=4, Nep=0 — four-photons and no
charged particles;

o FEyot /2Ey >0.7 — total energy deposition in

the calorimeter, normalized over the center
of mass energy;

® Piot/Eior <0.8 — absolute value of the to-
tal momentum of the event, normalized over
the total energy deposition;
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e 04 >27° — minimal polar angle between
the particle momentum and the beam di-
rection in the event;

e E,, >0.1.Ey — normalized reconstructed
energy of the ”softest” photon in the event;
This condition suppresses the QED back-

ground (9).

e ( <0 — the likelihood of the hypothesis,
that the observed transverse energy profile
in the hitted crystals cluster of the calorime-
ter can be attributed to a single photon [10];
This parameter proved to be very useful to
reject events with merged photons from the
process (8).

e x4 <15 — the parameter, describing
energy-momentum balance in the event.
This cut allows to reduce background from
the process (8) with escaped photon.

About 700 events were selected after imposing
the above listed cuts. This agrees to the expected
background from the processes (8), (9), (10) and
(11). For further analysis a special kinematic fit
was performed assuming the specific intermedi-
ate state. x? of this fit for different intermediate
state hypothesis was used to create parameters
(Ewno, Eunoyy Swnys Eonys Epnony, Enxo and Exogo)
characterizing the corresponding processes.

To search candidate events of the process (4),
the selection criteria listed above were strength-
ened by the following two additional cuts

® Lo >1 and Eqogo <1.5.

As a result all events were rejected by these re-
quirements. The expected (according to the MC
simulation) number of the background events is
2.1£0.7, mainly from the process (8). MC sim-
ulation indicates 18% detection efficiency for the
signal events from the process (4).

Similarly, to search for the process (3), the fol-
lowing additional cuts were added:

e £oxo >0, Ent“ <1.5
. Ewn'“'-f >2, war'r >0

L &Mﬂ >I: Eww“-‘y ¥

After imposing these cuts no events were left
again. The expected background is 3.9+1.2
events, mainly from the QED process (9). The
detection efficiency of the process (3) varies in
the range 3—6% and increases with energy.
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4. Upper limits

Assuming no candidate events of the processes
(3) and (4), the upper limits can be established
as follows:

fos - ko (12)
Ne:rpected f %ﬂﬂ- . a(E) . c(E)dE

Here k¢=2.3 corresponds to the Poisson upper
bound at 90% confidence level for zero detected
events [3], 9—3%3 is the accumulated luminosity
integral in the energy range AE, o(FE) is the to-
tal cross section of the process ete™ - T = P
P with Br(T — e*e™) = 1, and, at last, ¢(E) is
the detection efficiency as given by the MC sim-
ulation.

The following upper limits on the a2(1320) and
f2(1270) electron branching ratios were obtained
by this procedure:

Br(T = ete™) <

ND’91 [6] this work the unitary

(PDG'98[3])  (SND’99) limit
Br(az +ete ) <23-1007 <6-107° 1.1-107"
Br(fa =+ ete™) <9:107° <6-10"*° 16-10"1°

These results indicate the following bounds on the
electron widths:

ND’91 [6] this work  the unitary
(PDG'98 [3])  (SND'09) limit
T(az +efe ), eV < 25 < 0.65 0.012
I(fa =+ ete™), eV <17 < 0.12 0.03

As we see, the limits on the lightest tensor me-
son (az(1320) and f3(1270)) electron widths are
improved by 40 and 15 times respectively com-
pared to the old ND result [6], but they are still
50 and 4 times larger than the unitary limits.

This year a new experiment at VEPP-2M with
the SND detector was performed in the energy
range 2Ep= 1.0—1.4 GeV. We hope to improve
our results using this new statistics.

This work is supported in part by Russian Fund
for basic researches (grant 96-15-96327) and STP
“Integration” (No.274).
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