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fb~! and we derive the upper limit BRs — e*e™) < 2.1 x 1078 at 90% CL.
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1. Measurements of BRKs — yy)

1.1 Introduction

A precise measurement of tig — yy decay rate is an important test of the predictions of
Chiral Perturbation TheoryxPT). The decay amplitude dfs — yy has been evaluated at the
leadingO(p*) order ofxPT with a few percent precisioA] giving BR(Ks — yy) =2.1x107°. This
result was in agreement with the measurement of NER(Ks — yy) = (2.440.9) x 107° [2].

The more recent measurement of this decay, published from N2j4®flicates a branching ratio
of 2.78 x 1078 with a total uncertainty below 3%. This result differs frgp T O(p*) prediction
of about 30% suggesting the presence of important contributions from higher order corrections.

We present our search based on a luminosity of 176 fif e"e~ collisions collected with
the KLOE detector4, 5, 6] at DA®NE [7], the Frascatip-factory. The data sample analyzed
corresponds to the productionefl.7 billions ofKsK| pairs. An equivalent statistics of simulated
events for the background is used while the simulation of the signal is amplified by a4alor
These samples allow us to reach a statistical error of 5.6% on the signal, worse than the NA48
results, but with the novelty of having a completely different background composition and origin
of systematics.

1.2 Ks Tagging

At the center of mass energy bf,, the mean decay lengths of theg andK_ mesons are
As~ 0.6 cm andA_ ~ 340cm. About 50% ofK; mesons reach the calorimeter before decaying.
Ksmesons are tagged with an efficiency~a80% by identifying & interaction in the calorimeter
(KL-crash in the following) which has a very distinctive signature given by a delgeée-(0.2)
energy cluster not associated to any track. Thuskiherash provides a very cledfs tagging.
Both analyses presented here us&aagged with theé -crash algorithm.

1.3 Analysis

The main source of background is duai9— 27° events when two photons are not detected,
either because they are not in the acceptance, or they are not reconstructed in the calorimeter, or the
clusters are merged. For the Monte Carlo simulation, MC, of the background, we use a production
of ¢ — KK, decays corresponding to an equivalent luminosity.df.1 fb~1. For the signal MC
we use a production equivalent4dl8 fo1.

After tagging, we select events by counting the number of profipt {) neutral clustersy, .

For signal counting, we requifd, = 2, while for normalization purposes we requip = 4. A

tight constraint orf3 is applied to reduce the effect of event losses due to accidental clusters from
machine background. To reject the main background fiem- 2m° decays, we count photons
with energy above 7 MeV and produced in a large angular acceptangd)| < 0.93. To improve

the background rejection we also require a veto from the small angle calorimeter, @A énts

with at least one hit in QCAL in time with the collision and with energy above the pedestal are
rejected.

The first step to improve the signal over background ratio requires the application of a kine-
matic fit which imposes 4-momentum conservatiorngon: KsK andKs — yy decays, an@@ = 1
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Figure 1: Distributions ofcosf;, andM,y as weighted by the fit. Solid line: data, red area: MC signal, blu
area: MC background, dashed line: MC signal+background.

for each energy cluster. To improve the energy resolution of photons, the fit uses the precise mea-
surement of thds direction provided by th&, -crash position.

Two other variables with a powerful discrimination against background are the two-photon
invariant massM,y, and the opening angle between the two photons inkihieenter of mass
system;,. For theKs-tagged events, a binned max-likelihood fit to Mg, — 6y, 2D distribution
is done using the MC shapes. The likelihood function properly takes into account the statistics of
data and MC distributions. The? of the fit is 50 for 41 d.o.f. Figl shows the result of the fit for
the two-photon invariant mass and the angle distributions. The angle distribution for the signal has
a shape more peaked arourmsy;, = -1 than for the background. THé,, distribution shows a
gaussian shape around ke mass for the signal, while the background populates the lower mass
values. We counl(2y|tag) = 600+ 35 signal events in a total of 2280 events.

The branching ratio is normalized to the numbeKgf— 27° events recorded in the same data
sample by counting thi€s tagged events withl, = 4:

BR(Ks — 2y) = l\'l\'((zzgg) x :((22:;?5?;) « BR(Ks — 270)
The signal efficiency is the product of the efficiencies for the acceptance selection, the QCAL veto
and thex2-cut: £(2yltag) = (50.8+ 0.6733)%. The number oKs — 2 events after correcting
for the selection efficiency 61598+ 0.5) x 1(P. Using BRKs — 2m°) = (30.694+ 0.05)% [10],
we obtain:
BR(Ks — yy) = (2.27+0.13(stat) 5.53(syst)) x 10°°

where the second error includes the systematics due to fit procedure and to a small difference in
photon energy scale between data and MC.
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2. Direct search forKg — ete™

The decayKs — ete, like KL — ete™ or K. — utu, is a flavour-changing neutral-current
process, suppressed in the Standard Model and dominated by the two-photon intermedi®je state [
For bothKs andK_, theete~ decay is suppressed with respect to theu~ decay by a factor of
~ 250 Using xPT to orderO(p*), Ecker and Pich evaluated the rafigks — e*e™) /I (Ks —
yy) = 8 x 10° with 10% uncertainty ). Using the present average, BR(— yy) = (2.71=+
0.06) x 1076 [10], the Standard Model prediction is BRs — e"e™) ~ 1015, A value significantly
higher than expected would point to new physics. The best experimental limit has been obtained
by CPLEAR [L1]: BR(Ks— ete™) < 1.4 x 10~" at90%CL.

2.1 Analysis

Ks decays are tagged using tieg-crash algorithmKs — ete~ events are selected requiring
the presence of two tracks of opposite charge that form a vertex inside a cylinder centered on the
origin of radiusp = 4 cm and length 10 cm along the beam line. The track momenta and polar
angles must satisfy the cut20< p < 350MeV/c and30® < 6 < 150°. The tracks must also reach
the calorimeter without spiralling, and have an associated clusteBEwittb0 MeV.

The main backgrounds akg — " m decays where two pions are misidentified, and-
- m° decays where one prompt photon simulatescrash and the other is not detected. For
the first, theMee invariant mass is peaked at low values: adt > 420 MeV/c2 rejects most of
the background. After preselection we are left withQ® events.

To improve the separation between signal and backgrouxttli&e variable is defined, using
information from the clusters associated to the two tracks. Using the MC signal events we built
likelihood functions based on the following variables:

¢ the sum and the difference &t for the two trackspt = teuster— L/ B¢ wherelL is the length
of the trajectory angB is evaluated in the electron hypothesis;

e the ratioE/p between the cluster energy and the track momentum, for both charges;
o the cluster position relative to the extrapolation of the track, for both charges.

Fig.l2 shows the correlation between thgéandMe for MC signal and background. Two sidebands
are defined to check the consistency of MC with data and the normalization: redidw & @460
MeV/c?), dominated byKs — 1" 1~ events, and region Mee > 530 MeV/c?) mostly populated
by ¢ — " 1° events.

A signal box to seledts — e"e~ events can be conveniently defined in §feMeeplane; nev-
ertheless other independent requirements have been used to reduce the background contamination
before applying the2-Mee selection. These requirements have been studied by MC and tuned on
the sidebands. Pions frolkg — " 1~ decay have mometum in tig framepi, = 206 MeV/c: the
cutmin(pi,, pi,) > 220MeV/c rejects~98% of this backgroundp — " 1° events with one
undetected photon are characterized by small values of the missingWifasss (P, — P — Py )2,
while Mnissis peaked around 43deV/c? for the signal: the cuMmiss> 380MeV/c? rejects al-
most completely this background.
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Figure 2: Distribution of x2 as a function of the two-track invariant maséee, for MC signal (red) and
background events (black)

The signal box is chosen with an optimization procedure based only on MC. The boundaries
are 492< Mee < 504 MeV/c? and x? < 20, corresponding to a total signal efficiency of 55.8%.
Applying this selection to the data sample we obtdjp; = 3. The background estimated from MC
is ug = 7.1+ 3.6, the value takes into account events fluctuations and normalization factors. Using
a bayesian approachZ], we evaluate the upper limit on the expected number of signal epgnrts
4.3 at 90% CL. The chosen interval folee selectsKs — ete™ (y) events withE, < 6 MeV. Then
we derive an upper limit for the branching raB&RKs — ete(y) ;E, < 6 MeV) < 2.1x 108 at
90% CL.
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