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Abstract

We have measured the radiative decays> ny, ¢ — 1’y selectingr =~y yy final state in a sample of 5 x 107 ¢-
mesons produced at the Frasagtiactory DA®NE. We obtainl'(¢ — n'y)/T'(¢p — ny) = (470£0.47 £ 0.31) x 1073,
From this result we derive new accurate values for the branching ratip BRy'y) = (6.104 0.61+ 0.43) x 1075 and the

mixing angle of pseudoscalar mesons in the flavour hasis (41.81%:2)". 0 2002 Elsevier Science B.V. All rights reserved.

PACS 13.65.+i; 14.40.Aq
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Radiative decays of light vector mesons to pseudo-

is based on an integrated luminosity of16 pb!

scalars have been a source of precious information corresponding to some:s5 10 ¢ decays collected by

since the early days of the quark model [1]. They

the KLOE detector [20] at DANE [21], the Frascati

have been studied in the context of chiral Lagrangians ete™ collider, during the year 2000. All data were

by several authors [2]. The branching ratio (BR) of
the decayy — 7'y is particularly interesting since its
value can probe thes and gluonium contents of thg

[3] or the amount of nonet symmetry breaking [4]. In
particular, the raticR = BR(¢ — 1'y)/BR(¢ — ny)
can be related to the—;’ mixing parameters [5-9]

taken at a total energy = M.

The KLOE detector consists of a large cylindrical
drift chamber (DC), surrounded by a lead-scintillating
fibers electromagnetic calorimeter (EmC). A super-
conducting coil surrounds the EmC and provides a
0.52 T field along the beam axis. The DC [22], 4 m

and determines the pseudoscalar mixing angle. Evendiameter and 3.3 m long, has 12582 all-stereo tung-

for the case of two mixing angles which appears in
extended chiral perturbation theory [10], as well as
from phenomenological analyses [11], it has been
argued that the two mixing parameters in the flavour
basis are equal apart from terms which violate the
Okubo—-zZweig—lizuka (OZI) rule [12,13]. It is thus
possible to parameterize mixing in a nearly process
independent way by just one mixing anglez. The
large BRB — K7n’) value observed [14], as opposed
to theoretical predictions [15], raises also interest [16]
about the gluonium contents of thg. This can also
be tested from a precise determination of (BR~>
n'y). The BR¢ — n’y) measurements available to
date still have rather large uncertainties [17-19]. The
study of¢ — n’y decays presented in the following,

* Corresponding author.
E-mail address: fabio.ambrosino@na.infn.it (F. Ambrosino).

sten sense wires and 37746 aluminum field wires.
The chamber shell is made of carbon fiber-epoxy
composite and the gas used is a 90% helium, 10%
isobutane mixture. These choices maximize trans-
parency to photons and reduég — Kg regenera-
tion as well as multiple scattering. Momentum res-
olution iso(p1)/p1 ~ 0.4%. Position resolution is
oxy ~ 150 um ando, ~ 2 mm. Vertices are recon-
structed with an accuracy ef 3 mm. The EmC [23]

is divided into a barrel and two end-caps, for a to-
tal of 88 modules, and covers 98% of the solid an-
gle. The modules are read out at both ends by photo-
multipliers. Readout granularity is 4.4 x 4.4 cn?,

for a total of 2440 “cells”. Arrival times and posi-
tions in three dimensions of energy deposits are deter-
mined from the signals at the two ends. Cells close in
time and space are grouped into a calorimeter cluster.
The cluster energ¥c. is the sum of the cell energies.
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Cluster timerc and positiorrcL, are energy weighed  tion and photon candidates times and path lengths to
averages. Resolutions avg /E = 5.7%//E(GeV) be consistent with the speed of light. Particle masses
ando; = 57 pg/E(GeV) @ 50 ps. The detector trig-  are not constrained. We require ptgB) > 1% for

ger [24] uses calorimeter and chamber information.  both processes (1) and (2).

To determineR we search for events [25]: The only additional cuts applied to select process
(2) are a very loose cut on the energy of the radiative

(1) ¢ — n'y;with n’ > zFr~nandn — yy, photon (after kinematic fit) and a cut on pion energy
(2) ¢ — ny;withn - 7tz 7% andz® — yy. endpoint. The radiative photon can be easily identified

being the hardest in the event for process (2). We
The final state ist 7w~y yy for both reactions. Most  require:
systematics uncertainties therefore approximately can-
celin measuringk. ¢ — ny decays are easily selected (d) 320 MeV< E;ad < 400 MeV.
with small background and provide a clean control (e) E,+ + E,- <550 MeV.
sample for the analysis. Process (2), about 100 times
more abundant than (1), is the main source of back-  The first cut is very effective in reducing residual
ground forg — n’y events. Further backgroundis due background from process (3) where the endpoint for
to: photon energies is at 280 MeV. The second cut
eliminates residual background from process (4). Both
(3) ¢ > KsK events with one charged vertex where cuts have full efficiency for the signal. We are then
at least one photon is not detected and kheis left with N, = 50210+ 220 events. The overall
decaying near the interaction region (IR), efficiency for detectingh — ny events is evaluated
(4) ¢ — nTn~n” events with an additional photon from Monte Carlo simulations (MC) to be I®s.
detected due to accidental clusters or splitting of Background is expected to be belows®%, and all
clusters in the EmC. observed distributions are in agreement with this
estimate. The abundant and pupe— ny events
After some trivial cuts to remove radiative Bhabhas are used as a control sample to evaluate systematic
and machine background events, we select events sateffects on the efficiencies by comparing data and MC
isfying the following cuts: distributions for the variable to which cuts are applied.
The distributions exhibit a remarkable agreement, as
(a) Exactly three photons with 2k 6,, < 159 and shown in Fig. 1 for the photons energy spectrum.

E, > 10 MeV. .
(b) Opening angle of each photon pairl8°. = 00k ~ MC
(c) Avertexinside the cylindrical regioyix2 + y2 < < . DATA

4 cm;|z| < 8 cm with two opposite charge tracks.

A photon candidate is a calorimeter cluster with no 0.02 1
track pointing to it and(rcL — |FcLl/¢)| < 50:(EcL).
Small angles are excluded to reduce machine back-
ground. The opening angle cut ensures that fragments
of clusters are not counted as separate photons. At this
level the ratio of the two efficiencies i, /e;, =
0.9. It is close to one, given the similarities among
the two processes. The residual difference is due to 05 T I 500
the efficiency in tracking the pions to the origin, be- - ’
cause of their different momentum spectra for the two EY(MeV)
processes. After this first level selection we perform a

kinematic fit requiring energy—momentum conserva- Fig. 1. Data: MC comparison for the energy spectrum of photons in
events selected as— ny — 7 7 yyy.

0.01 -
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Process (1) events require, in addition to (a)—(c):  the E1—E» plane are shown in Fig. 2; foyy events
they are strongly anticorrelated (see MC distribution,
() E+ + E;- <430 MeV. Fig. 2(a)) while forny events they are concentrated in
(9) %, E, > 540 MeV. two narrow bands aroung; or E» = 363 MeV which
is the energy of the radiative photon (see MC events
These cuts are quite effective in suppressing eventsin Fig. 2(b)). We selecy’y candidate events inside
from process (3) and (4), respectively. We estimate the elliptical shaped region as shown in Fig. 2(c) for
a residual background of less than 18 events from the experimental data. The™ 7~y y invariant mass
reactions 3 and 4. Contamination from process (2) for the events inside the selection ellipse is plotted
is however still high. About 35% op — ny events in Fig. 3. We notice a clear peak at thg mass
are still in the¢p — n’y sample for a $B ratio of value with the width expected from MC, over a small
~5x 1073, To separat@’y andyy events we usethe residual background. The'y signal is obtained by
correlation between the energiés and E» of the two a fit in the region 94X M, +,-,, < 974 MeV. For
most energetic photons in the event. Event densities in the signal we use the MC shape. The background

— 500 — 500
s = [
b a) = b)
< <
w400 F w400 F
s
300 | 300
200 - 200
[ L 1 1 [ 1 1 L
100,65 300 300 300 500 100,55 200 300 700 500
E,(MeV) E,(MeV)
—~ 500
i
5 c)
<
w400 F
300 |
200 |
b
.‘I
IO I 1 1 h 1
Qo0 200 300 300 300

E,(MeV)

Fig. 2. Event density distributions in th&;—E» plane. (a) MC fory’y events; (b) MC fory events; (c) Experimental data after first level
selection; events in they bands have been downscaled for clarity. The number of observed events inside the ellipse is 175.
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ger and reconstruction efficiencies, and machine back-
ground accidentals also partially cancel out in evaluat-
ing R. The systematic error is thus dominated by the
uncertainties on background subtraction and on the in-
termediate branching fractions [17].

Using the current PDG [17] value for BR — ny)
we extract the most precise determination of(BR>
n'y) to date:

BR(¢ — 1'y)
= 6.10=+ 0.61(stat) + 0.43(syst) x 107°.

Counts

The value we obtain foR can be related directly to
the mixing angle in the flavour basis. In the approach
by Bramon et al. [7], where SU(3) breaking is taken
into account via a constituent quark mass ratigm,
one has:

My (MeV/e?)

. . . 2 3
Fig. 3. Ther 7~y y invariant mass for events selectedtas> 'y — cof 1 mg tangy Dy 1
candidates. The shaded areas represent signal (shape from MC) andR =Cotgp|1— 7 sin 20p I @)

background (shape from sidebands analysis of data). The continuous ) o P ) o
line is the result of a Gaussian plus linear fit. wheregy = 3.4° is the deviation from ideal mixing

for vector mesons ang,, is the radiative photon

n(n') p
shape is derived from sidebands selected in Ehe momentum in thep center of mass. Feldmann [9]
E» plane just outside the acceptance ellipse. The final (following [6]) combines chiral anomaly predictions
number of events from process (1), after background fo" £ — vy with vector dominance to extract the
subtraction, isV,, = 120+ 12(stat) + 5(syst). The couplingsggy, andgg,, . Then, apart from OZI rule
overall efficiency fom'y events is,,, = 22.8%. violating terms:

The ratio of the branching ratioR = BR(¢ — singpsingy  cospp\2
n'y)/BR(¢ — ny) is determined from: R= ( — )
6f61 3fs
N’]V 67]/)/ 6fq 3fs pr] 3

4+ —-0 0
BR( > n"n "7 )BR(7” — yy) ). where f, and f, are the pseudoscalar decay constants

BR(' — ntrn~n)BR(1 — yy) in the flavour basis. Values for all the parameters

K, = 0.95 is a correction factor to the observed cross (€xceptpp) in Egs. (1) and (2) are from the quoted
sections due to the interference between the ampli- Papers. Both approaches give very similar results:
tudesA(¢ — n(n")y) and A(p — n(n")y) at /s = _ +1.9\0

mgy. The correction factork, has been evaluated #~®~ (41877¢) and

[25], in a way similar to [26], using the Gounaris— ®pr—(2) = (422£1.7)°,

Sakurai [27] parameterization of theand accounting
for the quark model phases which imply positive inter-
ference forp’y and negative interference fg final
state. Using the values in Table 1 we get

respectively. An estimate of the uncertainty on the
extraction ofgp using these approachesd¥0.5°).
This is suggested by the difference among the two
values above and reflects the spread of #hg'm,

fs and f, values found in the literature. Thep
value above is equivalent to a mixing angledgf =
Systematics on luminosity angl cross section can- (—12.9j:g)° in the octet-singlet basis. The mixing
cel out in the ratio exactly. Other effects, such as trig- angle value has been obtained neglecting OZI rule

R = (4.70+ 0.47(stat) £ 0.31(syst)) x 103,
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Table 1
Contributions to the systematic error & The systematics evaluation on the ratio of analysis efficiencies is obtained from the studypf the
sample and varying the selection cuts. The intermediate BR’s and errors are taken from [17]

Quantity Value Systematic error
Ny /Ny 2.39x 1073 4.2% (background)

Preselection 2.2%
Photon counting 0.8%

:'+V 1.60 Vertex efficiency 0.9%
"'y Prob(x2) 2.3%
Accidentals 0.5%
BR(U—>ﬂ+ﬂ7ﬂo)BR(ﬂo—>VV)
BRG/—7 7 1)BRU—>77) 1.30 3.8%
Total 6.6%

violation and a possible gluonium contents of the Y 1 [
N

andn’ mesons. Allowing for gluonium [5] we write:

In) = Xpluit +dd)/~/2+ Y,|s5) + Zylglue,
1) = X |uit +dd) /N2 + Yy|s5) + Z,yIglug.  (3) [ KLOE

A gluonium component of the;’ corresponds to 0.6
Z% >0 or equivalentlyX? + Y7 < 1. Constraints
on X,» andY,, can be obtained in a nearly model-

independent way by using the following relations: 04 "ﬂ, q. (5)
2 2 3

L’ ms, —m L

" — py) ~3 n o Mgy x2 (4) oz L
IN'w — 79%) m2 —m2 my n % |

Eq. (4

and _ q. 4) -.
o —yy) 1 3 £\ 05 =07 "04 06 08 -1

n—vy myy i ; . ; £
— = — 5X, +2Y, = ;
F@0—yy) 9<mno) ( 7Y fs> Xn

(5) Fig. 4. Bounds onX,, and Yy from SU(3) calculations and

which are based on simple SU(3) ideas, exploiting the experimental branching fractions. The horizontal band is the KLOE
magnetic dipole nature of the transitiois— Py resultin the assumptios, = 0.

and P — Vy by deriving the two photon couplings
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