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KLOE collected 2.5 fb 1 of data at the peak of the φ 1020  resonance at the e e collider
DAΦNE. About 108 η mesons have been produced through the radiative decay φ  ηγ . Re


sults on the decay channels η  3π 0, η  π  π γ and η  π  π e e are presented.




Using the 250 pb 1 collected off-peak at  s  1 GeV the e e  e e γγ  e e π 0 π 0 pro
cess has been studied looking for the contribution of the σ 600  , and the cross-section of



e e  e e γγ  e e η has been measured.
The latest results on the hadronic cross-section measurement that confirm the three standard deviation discrepancy between the experimental and the Standard Model values of the muon magnetic
anomaly are reported.
Some prospects for the new data-taking of KLOE starting at the beginning of 2011 at the upgraded
DAΦNE are also discussed.
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1. Introduction

2. η decays
The properties of the η meson can be studied through the radiative decay φ  ηγ . The full
KLOE data set corresponds to about 108 η produced. With this sample the dominant decay modes
like η  3π as well as the rare ones η  π π γ and η  π π e e have been studied.

η  π 0 π 0 π 0 . The three-pion decay is isospin-violating and is due to a term proportional to the
d and u quark mass difference in the QCD Lagrangian, thus is suitable for a precise determination of the ratios of the light quark masses. The Dalitz plot of the neutral decay η  3π 0
is symmetric and its density is described by the slope parameter α ,  A Z  2 ∝ 1  2α Z, where
Z  2  3 ∑3i 1  3Ei  mη  mη  3π  2 . From a sample of 450 pb 1 , 6.5  105 events with seven
prompt photons have been selected with negligible background. From the fit of the Z distribution
α   0 0301  0  0035 00 0022
0036 has been obtained[4], consistent with the previous experimental determinations, but in disagreement with Chiral Perturbation Theory (χ PT) calculations at NNLO
which predict a positive value[3].
η  π π γ . A significant contribution to the amplitude of η  π π γ is expected from the
box anomaly, which is a higher order term of the Wess-Zumino-Witten Lagrangian. The two pion
invariant mass distribution can be used to disentangle this contribution from the resonant ones,
dominated by the ρ meson. In this respect the existing measurements done in the 1970s are not
sufficient for an unambiguous interpretation[5]. Moreover the most recent determination of the
branching ratio by the CLEO Collaboration is two standard deviation lower than the older ones.
From the analysis of a sample of 1.2 fb 1 of data, a measurement of the branching ratio normalized
to η  π π π 0 has been obtained, Γ η  π π γ  Γ η  π π π 0 ! 0 201  0 006 in good
agreement with the older measurements. The uncertainty is dominated by systematics. Work is in
2
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KLOE is a multipurpose detector, consisting of a large cylindrical drift chamber with an internal radius of 25 cm and an external one of 2 m, surrounded by a lead-scintillating fibers electromagnetic calorimeter, which provides a 98% solid angle coverage. Both are immersed in the 0.52
T field of a superconducting solenoid. From 2000 to 2006 KLOE has collected 2.5 fb 1 of data at
the peak of the φ 1020 at the e e collider DAΦNE in Frascati, plus 250 pb 1 off-peak.
In this paper the recent KLOE results on η decays and on the physics of the continuum (γγ processes and hadronic cross-section) are presented.
During 2008 a new interaction scheme of the DAΦNE φ -factory has been succesfully tested, reaching a peak luminosity of about a factor of three larger than what previously obtained. Following
these achievement, a new data-taking with an improved detector will start at the beginning of 2011
(referred to as KLOE-2 experiment). The KLOE-2 present upgrade consists in the installation of
two different e taggers for γγ physics: the Low Energy Tagger, made of two crystal calorimeters
placed very near the DAΦNE Interaction Point (IP), and the High Energy Tagger, made of two position sensitive detectors placed far from the IP, after the first bending dipoles of DAΦNE. After the
collection of about 5 pb 1 in one year data-taking, a major detector upgrade is planned[1], aiming
to collect about 20 pb 1 of data to complete the KLOE physics program[2].
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Figure 1: Left: π  π e e invariant mass distribution. Right: distribution of sin φ cos φ variable (see text
for the φ angle definition).

progress to analyze the whole KLOE data sample, with the aim to reduce the total uncertainty to
about 1%, and to study the π π invariant mass distribution.
In the first year of the KLOE-2 data-taking we expect to collect about 105 η /0 π π γ ; this will
allow a combined analysis of the box anomaly in both η and η / decays.

η  π π e e . The conversion decay η  π π γ  π π e e allows to probe the internal
structure of the η meson measuring the virtual photon 4-momentum via the invariant mass of the
lepton pair. The theoretical calculation of the branching ratio ranges from 25  10 5 to 36  10 5
and the previous exprimental measurements are based on very low statistics samples, Br η 
5 (4 events) by CMD-2 and Br η
π π e e 12 37 25
 π π e e 45 43 20
18  30 3 10
16 
5
4 6 10 (16 events) by the WASA experiment at CELSIUS.
An asymmetry in the distribution of the angle φ between the decay planes of the leptons and of
the pions, would be a signal of CP violation. This asymmetry is constrained by experimental and
Standard Model upper limits on the CP violating decay η  π π , to be at most of O 10 4 and
O 10 15 respectively. However a possible CP violation mechanism beyond the Standard Model
that can raise the asymmetry up to 2  10 2 has been proposed[6].
In a sample of 1.73 fb 1 , 1555 52 signal events with a background of 368 have been selected (see
fig.2), from which Br η  π π e e 7 γ 89 26  8  0 9  0  7 : 10 5 has been obtained[7]. The
plane asymmetry has been measured for the first time, Aφ ;  0  6  2  5  1 88 10 2 .
With a sample of 20 fb 1 and the increase of the efficiency expected with the insertion of an Inner
Tracker[1], KLOE-2 could improve the precision on Aφ at the level of 1%.

3. γγ physics
In γγ processes, like e e < e e γ γ  e e X , C = 1 hadronic states can be produced.
If both photons are quasi-real, the Equivalent Photon Approximation can be done and the event
dF
yield can be evaluated according to NeeX  L dW
Wγγ dWγγ , where Wγγ is the two photon
σ
γγ γγ > X
invariant mass, L is the integrated luminosity and dF  dWγγ is the γγ flux function. As shown in
3
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Figure 2: Left: γγ flux function for three different center of mass energies. Right: four photon invariant
mass distribution.

4. Hadronic cross-section
The Standard Model value of the muon magnetic anomaly, aµ , is found to differ about three
standard deviations from the experimental value[8]. The main source of uncertainty comes from the
hadronic contribution that cannot be calculated in perturbative QCD, but can be evaluated, at lowest
order, via a dispersion relation using the measured cross section of e e M hadrons. The region
below 1 GeV is dominated by e e  π π , and can be studied at a φ -factory, operating at fixed
? s, with the Initial State Radiation method. KLOE has already measured the dipion cross-section
4
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fig.3 at the DAΦNE energy the final states with a the single π 0 or η as well as the the two pion one
can be detected. The latter is interesting for the study of the σ 600 scalar meson, via the reaction
γγ  σ 600: ππ . The cleanest channel is γγ  π 0 π 0 ; about 240 pb 1 of data collected off-peak
at ? E  1 GeV, to reduce the large background from φ decays, have been analyzed. Events with
only four prompt photons have been selected, the scattered leptons are not detected as they escape
in the DAΦNE beam-pine. In fig.3 the distribution of the four photon invariant mass is shown;
the residual background has been evaluated according to the expected cross-sections of the various
processes. Work is in progress to check the background normaliation and to extract the γγ  π 0 π 0
cross-section.
Using the same data the η meson production has been also studied by selecting the decay channel
η  π π π 0 . After the background subtraction about 600 signal events have been obtained, corresponding to a preliminary cross-section σ e e  e e η 8; 50  2  6 pb.
The KLOE-2 data-taking will be mostly at the peak of the φ resonance, then the presence of the
taggers will be essential to suppress the background and to close the kinematics of the events by detecting the scattered leptons. A precision measurement of the γγ  π 0 π 0 cross-section, to improve
the present experimental knowledge in the region of Wγγ @ 800 MeV, is planned[2]. Concerning single pseudoscalar final states, the two photon decay width of π 0 and η can be measured, as
well as the transition form factor, Fπ 0 γ A γ A q21 B q22 , that is relevant for the calculation of the hadronic
light-by-light scattering contribution to g  2 of the muon[8].
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Figure 3: Comparison of the large angle (KLOE10) and small angle (KLOE08) analyses. Left: pion form
factor. Right: fractional difference, the gray band is the total error for the KLOE10 measurement.
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2 between 0.35 and 0.95 GeV2 , by using e e
for Mππ
 π π γ events collected at ? s  Mφ
with the requirement that the photon (not detected) is emitted at small polar angle (ϑ @ 15 N ) with
2 range down to the dipion threshold, a new
respect to the beamline[9]. In order to extend the Mππ
measurement has been performed by requiring the photon to be detected at large angle (ϑ @ 50 N )
in the KLOE calorimeter[10]. To reduce the large background coming from φ decays, the data
collected off-peak at ? s  1 GeV have been analyzed. In fig.4 the pion form factor extracted from
the large angle measurement is compared to the small angle result. From this measurement an
hadronic contribution to the muon anomaly can be evaluated, aµ 0  1  0 85 GeV2 OP 478 5 
2  0stat  4  8syst  2  9theory 6 10 10 , which confirms a 3.2 standard deviation discrepancy between
the Standard Model and the experimental value of aµ .
At present, work is in progress to obtain in an alternative way the pion form factor from the ratio
of the cross-sections R  σ e e  π π γ  σ e e  µ µ γ , instead of using the absolute
normalization to Bhabha scattering events.

