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1. Introduction

From 2000 to 2006, the KLOE experiment collected 2.5 fb−1 of e+e− collisions at theφ peak
and 240 pb−1 below theφ resonance (

√
s = 1 GeV). Theφ meson predominantly decays into

charged and neutral kaons, thus allowing KLOE to make precision studies in the fields of flavor
physics, low energy QCD and test of discrete symmetries. At the same time, properties of pseu-
doscalar and scalar mesons have been extensively studied using high statistic samples produced
throughφ radiative decays andγγ interactions.

A new beam crossing scheme allowing for a reduced beam size and increased luminosity is
operating at DAΦNE [1]. The KLOE-2 detector is successfully rolled in and hasbeen upgraded
with small angle tagging devices to detect both high and low energy electrons or positrons in
e+e− → e+e−X events. About 5 fb−1 are expected in the first year of running. Inner tracker
and small angle calorimeters are scheduled to be installed in a subsequent step, providing larger
acceptance both for charged particles and photons. A detailed description of the KLOE-2 physics
program can be found in Ref. [2]

2. The φ → ηe+e− decay

TheV → Pγ∗ Dalitz decays, associated to internal conversion of the photon into a lepton pair,
are not well described by the Vector Meson Dominance (VMD) model. This is clearly visible in the
di-lepton invariant mass shape ofω → π0ℓ+ℓ−, measured by the NA60 collaboration [3]. The only
existing data onφ →ηe+e− come from the SND experiment, which has measured the Mee invariant
mass distribution on the basis of 213 events [4]. Also in thiscase, the measurement of the form
factor slope differs by∼ 2σ ’s from the VMD expectations. A new measurement of this process
with larger statistics is therefore needed to confirm this indication. This decay is also interesting for
the search of a possible contribution fromφ → η U , whereU is a vector gauge boson, with mass
near the GeV scale, coupling the postulated secluded sectorof WIMP dark matter to the Standard
Model [5, 6, 7, 8, 9, 10, 11, 12, 13, 14]. The kinetic mixing parameter,ε , is expected to be of the
order 10−4–10−2 [6, 15].

The analysis of theφ → ηe+e−, with η → π+π−π0 has been performed on 1.5 fb−1. Prese-
lection cuts require: (i) four tracks in a cylinder around the interaction point (IP) plus two photon
candidates; (ii) bestπ+π−γγ match to theη mass using the pion hypothesis for tracks; (iii) other
two tracks assigned toe+e−; (iv) loose cuts onη andπ0 invariant masses (495< Mπ+π−γγ < 600
MeV, 70< Mγγ < 200 MeV). A cut in the distribution of the recoil mass to thee+e− pair, 535<

Mrecoil(ee) < 560 MeV is then applied.

A residual background contamination, due toφ → ηγ events with photon conversion on beam
pipe (BP) or drift chamber walls (DCW), is rejected by tracking back to BP/DCW surfaces the two
e+, e− candidates and then reconstructing the electron-positroninvariant mass and the distance
between the two particles. Both quantities are small if coming from photon conversion.φ →
KK̄ andφ → π+π−π0 events surviving analysis cuts have more than two pions in the final state.
They are rejected using time-of-flight to the calorimeter. When an EMC cluster is connected to
a track, the arrival time to the calorimeter is evaluated both with calorimeter (Tcluster) and drift
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Figure 1: Fit to the correctedMee spectrum for the Dalitz decayφ → η e+e− (left) and exclusion plot at
90% C.L. for the parameterα ′/α = ε2, compared with existing limits in the KLOE region of interest (right).

chamber (Ttrack) information. Events with ane+, e− candidate outside a 3σ ’s window on the
DT = Ttrack−Tclustervariable are rejected.

About 14,000φ → ηe+e−, η → π+π−π0 candidates are present in the analyzed data set,
with a very small residual background contamination. The resulting electron-positron invariant
mass shape,Mee, has been fitted, taking into account bin-by-bin analysis efficiency and using the
decay parametrization from Ref. [16]. Fit results are reported in Fig. 1 left. A good description
of theMee shape is obtained except at the high end of the spectrum, where a residual background
contamination from multi-pion events is still present.

The φ → ηU Monte Carlo (MC) signal has been produced according to Ref. [17], with a
flat distribution of theU boson mass. Events are then divided in sub-samples of 1 MeV width.
For eachMee value, signal hypothesis has been excluded at 90% C.L. usingthe CLS technique
[18]. For theφ → η U signal, the opening of theU → µ+µ− threshold has been included, in the
hypothesis that theU boson decays only to lepton pairs and assuming equal coupling to e+e− and
µ+µ−. The expected shape for the irreducible backgroundφ → η e+e− is obtained from our fit
to theMee distribution, taking also into account the error on the number of background events as a
function ofMee. In Fig. 1 right, the smoothed exclusion plot at 90% C.L. onα ′/α = ε2 parameter
is compared with existing limits from the muon anomalous magnetic momentaµ [19] and from
recent measurements of the MAMI/A1 [20] and APEX [21] experiments. The gray line is where
theU boson parameters should lay to account for the observed discrepancy between measured and
calculatedaµ values. Our result greatly improves existing limits in a wide mass range, resulting in
an upper limit on theα ′/α parameter of≤ 2×10−5 @ 90% C.L. for 50< MU < 420 MeV.

3. The η → π+π−γ decay

Theη → γγ decay proceeds through the triangle anomaly and is accounted for by the Wess-
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Figure 2: η → π+π−γ analysis: fit to theEmiss−Pmiss distribution with background and signal MC shapes
(left) and fit to theπ+π− invariant mass (right).

Zumino-Witten (WZW) term into the ChPT Lagrangian. The box anomaly is a higher term of
WZW describing the direct coupling of three pseudoscalar mesons with the photon. Theη →
π+π−γ decay provides a good tool to investigate the box anomaly, which describes the not–
resonant part of the coupling, through the measurement of the partial width and the study of
the invariant mass of the di-pion system. The present world average of theη → π+π−γ par-
tial width, Γ(η → π+π−γ) = (60± 4) eV [23], provides strong evidence in favor of the box
anomaly, compared with value expected with and without the direct term [22]: (56.3± 1.7) eV
and(100.9± 2.8) eV, respectively. Recently the CLEO experiment has measured the ratioRη =

Γ(η → π+π−γ)/Γ(η → π+π−π0) = 0.175±0.007stat±0.006syst [26], which differs by more than
3σ ’s from the average result of previous measurements [24, 25], Rη = 0.207±0.004.

The analysis ofη → π+π−γ has been performed using 558 pb−1, where about 25×106 η ’s
are produced together with a monochromatic recoil photon (γφ , with Eγφ = 363 MeV) through the
radiative decayφ → ηγ . The final state under study is thereforeπ+π−γγ and the main background
contribution comes fromφ → π+π−π0 events, with the same final state. Other relevant background
components areφ → ηγ → π+π−π0γ , with one photon lost, andφ → ηγ → e+e−γγ , with both
electrons mis-identified as pions. After preselection cutsused to clean up the data sample, signal
events are selected exploiting theφ → ηγ two body decay kinematics. Background contribution
and the signal amount in the final sample are evaluated with a fit to theEmiss−Pmiss distribution
with MC shapes (Fig. 2 left), whereEmiss andPmiss are the missing energy and momentum of the
π+π−γφ system, respectively. We findN(η → π+π−γ) = 204950±450, with a 10% background
contamination. The processφ → ηγ , η → π+π−π0, with similar event topology and negligible
background contamination, has been used as normalization sample. The preliminary ratio of the
partial decay widths is:

Γ(η → π+π−γ)

Γ(η → π+π−π0)
= 0.1838±0.0005stat±0.0030syst, (3.1)

to be compared with the world average value of 0.202±0.007 [23].
TheMπ+π− dependence of theη → π+π−γ decay width has been parameterized with several

theoretical approaches. In Fig. 2 right, the preliminary fitof the background subtracted di-pion
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Figure 3: Fit to thee+e−e+e− invariant mass used to extract theη → e+e−e+e− contribution.

invariant mass spectrum, using the description of Ref. [27], is presented. The agreement is good.
Fits with more complex parameterizations are in progress.

4. Observation of the η → e+e−e+e− decay

The search of the rare and never observed decayη → e+e−e+e− has been performed using 1.7
fb−1. Events with foure± in the final state are selected using the time of flight information provided
by the calorimeter. Backgrounds fromη → γγ/e+e−γ with photon conversion are rejected by
reconstructing the conversion point on the beam pipe or drift chamber walls. Most of the residual
background comes from continuum events and a small contribution is due toφ decays. The latter
is subtracted from data using the MC spectrum. The number of signal events is obtained by fitting
the data distribution of the four lepton invariant mass, Meeee, with signal and background shapes
(Fig. 3). The resultingχ2/ndf is 43.9/34, corresponding to P(χ2) = 0.12. From the fit we extract
Nη→e+e−e+e− = 362±29, corresponding to a branching fraction of [28]

BR(η → e+e−e+e−(γ)) = (2.4±0.2stat+bckg±0.1syst)×10−5 , (4.1)

fully inclusive of radiation effects. This constitutes thefirst observation of this decay. Our mea-
surement is in agreement with theoretical predictions, which are in the range(2.41−2.67)×10−5

[29, 30, 31].

5. γγ-physics

The study of the reactione+e− → e+e−γ∗γ∗ → e+e−X , whereX is some arbitrary final state
resulting from fusion of two photons, gives access to stateswith JPC = 0±+, 2±+. In the low-energy
region accessible at DAΦNE, several existing measurements are affected by large statistical and
systematic uncertainties. At KLOE, where there is no tagging of the outgoinge+e−, γγ interactions
have been studied using off-peak data (240 pb−1 collected at

√
s = 1 GeV), as the main source of

background comes fromφ decays.
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Figure 4: Left: Fit to theM2
miss distribution forγγ → η → π0π0π0 events. Points with error bars are data,

black solid histogram is fit result. The main components are signal (light blue) andφ → ηγ (red.) Right:
preliminary KLOE measurement forσe+e−→ηγ evaluated at 1 GeV, compared with other experimental results
in the same energy range.

Theη radiative width,Γ(η → γγ), is usually extracted from the measurement of thee+e− →
e+e−η cross section. The KLOE analysis is performed using both neutral (η → π0π0π0) and
charged (η → π+π−π0) decay channels. The main backgrounds forη → π0π0π0 are annihilation
processes with at least four prompt photons in the final state, ase+e− → ηγ/KSKL/ωπ0. Events
with six and only six prompt photons in the final state and withno tracks in the drift chamber are
selected. The photons are paired choosing the combination which minimizes aχ2-like variable
based on theπ0 masses. A kinematic fit is then performed asking for the six photons invariant
mass to be equal to the mass of theη meson. A cut is then applied on the energy of the most
energetic photon to rejecte+e− → ηγ events in which the monochromatic photon (Eγ = 350 MeV)
is detected. The only surviving background events are due tothe irreducible processe+e− → ηγ ,
with the monochromatic photon lost in the beam pipe. The distribution of the recoil missing mass
(M2

miss) is fitted with the superposition of MC shapes for signal and background (Fig. 4 left). From
this fit we extract the preliminary measurement of both theη production cross section,σ(γγ →
η) = (37.0±1.4stat±2.2syst) pb, andσ(e+e− → ηγ ,

√
s = 1 GeV) = (0.875±18stat±35syst) nb.

This last result is shown in Fig. 4 right, together with otherexperimental results [32] in the same
energy range. The selection ofη → π+π−π0 asks for two photons compatible with aπ0 decay
and two tracks with opposite curvature coming from the collision point. The charged pion mass is
assigned to the two tracks and a least squares function basedon Lagrange multipliers imposes that
π+π−π0 come from anη decay. Further criteria are applied to suppress processes with photons
ande+e− in the final state. The distribution ofM2

miss is then fitted with the superposition of MC
shapes for signal and background. The preliminary measurements of theη production cross section

6
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Figure 5: γγ → π0π0 analysis. Left: scatter plots of the two photon pairs invariant mass before (top) and
after (bottom) the cut on theχ2

4γ variable. Right: spectrum of the four-photon invariant mass (points with
error bars) compared with the sum of normalized backgrounds(black solid line). The main background
contributions are shown in colours:φ → KSKL (light blue), e+e− → ωπ0 (blue), φ → f0(980)γ (pink),
φ → ηγ (green) ande+e− → γγ (red).

is σ(γγ → η) = (41.7±4.0stat) pb, in agreement with the measurement obtained with the neutral
channel. Systematics are still under evaluation.

The study of thee+e− → e+e−π0π0 process aims to investigate the lowπ0π0 invariant mass
region, just above the production threshold, where a contribution from theσ scalar meson is ex-
pected. The main backgrounds are annihilation processes with four or more prompt photons in
the final state (e+e− → KSKL/ηγ/ωπ0/ f0(980)γ) and thee+e− → γγ process with cluster split-
ting. Selected events have no tracks in the drift chamber andfour prompt photons in the final state.
The photons are paired choosing the combination which minimizes aχ2-like variable based onπ0

masses,χ2
4γ . Events withχ2

4γ > 4 are rejected. The effect of this selection is shown in Fig. 5left. To
rejecte+e− → KSKL events, where a large amount of non-prompt energy is released in the detector,
a cut on the energy fraction carried by photons,R = (∑γ Eγ)/Ecal > 0.75, is applied. The prelim-
inary four photon invariant mass spectrum for the selected data sample is shown in Fig. 5 right,
together with the normalized background Monte Carlo simulations. The excess of events with re-
spect to the expected annihilation processes, in the low invariant mass region, is an indication of
theγγ → π0π0 production.

The upgrade of the KLOE-2 detector, with four stations installed to tag electrons and positrons
from the reactione+e− → e+e−γ∗γ∗ → e+e−X , will give the opportunity to investigateγγ physics
also at theφ resonance for the reactionsγγ → π0/ππ/η/ηπ [2] . Single pseudoscalar production
would improve the determination of the two–photon decay widths of these mesons. Moreover,
it would be possible to measure the transition form factorsFXγ∗γ∗(q2

1,q
2
2) as a function of the
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momentum of the virtual photons,q2
1 andq2

2, which are of interest for the theoretical evaluation of
the hadronic light-by-light contribution to the muon magnetic anomaly.
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