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The status of the main ongoing analyses on light-meson spectroscopy at KLOE experiment
are presented. In particular, the preliminary results for the measurements of φ → ηe+e−

branching ratio and the slope parameter of |Fφη| transition form factor are presented, as well
as the observation of the φ→ π0e+e− process in KLOE data. Latest progress on η → π+π−π0

Dalitz Plot analysis are also shown. All analyses are based on data collected at DAΦNE collider
with the KLOE detector during the 2004/2005 data taking campaign.

1 The KLOE experiment

The KLOE experiment operated at the DAΦNE e+e− collider and collected most of the data
in the 2004-2006 campaign, with 2.5 fb−1 of integrated luminosity at the φ peak and about
240 pb−1 below the resonance, at

√
s = 1 GeV. The KLOE detector consists of a large cylindrical

drift chamber 1 (DC), surrounded by a fine sampling lead-scintillating fibers electromagnetic
calorimeter 2 (EmC), all embedded inside a superconducting coil, providing a 0.52 T axial field.
The DC, 4 m in diameter and 3.3 m long, has a full stereo geometry and operates with a gas
mixture of 90% helium and 10% isobutane. The momentum resolution is σ(p⊥/p⊥) ≈ 0.4%.
The EmC, divided into a barrel and two endcaps, has a granularity of ∼ (4.4 × 4.4) cm2 and
covers about the 98% of the solid angle. Energy and time resolutions are respectively: σE/E =
5.7%/

√
E(GeV) and σt = 57 ps/

√
E(GeV) ⊕ 100 ps. A new data taking campaign aiming to

collect 5 fb−1 will extend the experimental program in kaon and hadron physics 3. Prior to the
planned campaign, an upgrade of the KLOE apparatus has been recently completed 4,5.

2 Conversion decays: φ→ π0e+e− and φ→ ηe+e−

Most recent results from KLOE experiment in hadronic physics are related to the π0 and η
coupling to photons. Meson to photon couplings and the transition form factors, TFFs, are of
great interest in hadron physics, being important both to test the effective Lagrangians based
on Chiral Perturbation Theory (χPT) and to solve the muon (g-2) puzzle. In particular, the
TFFs for π0 and η in the time-like region of momentum transfer (namely Fφ η γ∗ and Fφπ0γ∗)
can be provided by the so called conversion decays of φ vector meson to pseudoscalar mesons:
φ → π0γ∗ → π0e+e− and φ → ηγ∗ → ηe+e−, while meson production in γγ-interactions
(e+e− → e+e−γ∗γ∗ → e+e−π0 (η)) gives the coupling to space-like photons. TFFs play a
crucial role in the theoretical evaluation of the light-by-light contribution to the anomalous
magnetic moment of the muon.



Furthermore, the recent advances in the theoretical description of the conversion decays
were mostly driven by an observed discrepancy between the experimental data from NA60 6 and
Lepton-G 7, and the näıve Vector Meson Dominance, VMD, ansatz prediction for the ω → π0γ∗

conversion decay. This disagreement is absolutely upsetting, given the many successes of the
VMD scenario in the description of other processes, such as the e+e− → π+π− annihilation,
the η → µ+µ−γ 6 and the η → e+e−γ 8 decays. Over the years, many theoretical models 9,10,11

have been developed to justify this discrepancy. In order to check the consistency of the models,
measurements of π0 and η transition form factors in φ decays are strongly encouraged.

2.1 φ→ ηe+e− analysis

The only existing data on Fφ η γ∗ come from the SND experiment12, which has measured the
e+e− invariant-mass distribution on the basis of (213±35) events. At KLOE 3, a detailed study
of this decay is in progress, using both η → π+π−π0 and η → π0π0π0 final states; the analyzed
samples are based, respectively, on 1.5 fb−1 and 1.7 fb−1 data, collected at

√
s = mφ during the

2004-2005 data taking campaign.
Simple analysis cuts, based on η invariant mass requirements and time-of-flight conditions,

provide clean signal events: about 3 × 104 events for the neutral channel and ' 1.4 × 104

for the charged one. The residual background contamination,at the level of 3% in both cases,
is subtracted from the data by means of a Montecarlo (MC) simulation. The resulting e+e−

invariant-mass distributions (see Fig. 1 for the neutral case), are fitted with the quantum elec-
trodynamics and a single pole TFF parametrization13 (Eq. 1).

Figure 1 – e+e− invariant-mass distribution (Mee) of φ→ e+e−η (η → π0π0π0) events. Left panel: selected data
sample of ≈ 30 × 104 events, including ∼ 3% background contamination and the MC simulation for signal (red
filled histogram). Right panel: Mee distribution after background subtraction (black points) together with the
result from the fit (red histogram).
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folded with the analysis efficiencies and the smearing matrices.
The preliminary result for the measurement of the slope parameter of the transition form

factor, in the η → π0π0π0 channel, is bφη = (1.17 ± 0.11 (stat) +0.09
−0.08 (syst)) GeV−2. The result

is in agreement with the Vector Meson Dominance prediction within 1σ. With the same signal
candidates, the Branching Ratio was also measured with the result:



BR (φ→ ηe+e−) = (1.131 ± 0.032 +0.011
−0.006)× 10−4, in agreement both with the VMD prediction

within 1σ and with the previous measurements of SND 12 and CMD-2 14 experiments. The form
factor and the BR extraction in the charged channel of η decay, is also in progress.

2.2 φ→ π0e+e− analysis

The total absence of experimental determination of the Fφπ0 γ∗ transition form factor and the low
accuracy in the knowledge of the Branching Ratio (∼ 25% in the PDG world average), motivate
the analysis of φ→ π0e+e− decay at KLOE. The signal events are selected requiring two tracks
of opposite charge and two prompt neutral clusters coming from the IP. Simple kinematical
cuts on the lepton energies (Ee+,e− < 460 MeV and 470 < Ee+ + Ee− < 750 MeV), photon
energies (Eγ1,γ2 > 70 MeV and 300 < Eγ1 + Eγ2 < 670 MeV) and opening-angles of tracks and
prompt clusters (θopen

e+e− < 145◦ and 27◦ < θopenγ1γ2 < 57◦) allow to reject a big amount of the
dominant background from radiative Bhabha scattering processes (i.e. e+e− → e+e−γγ). The
other relevant contribution is from the radiative decay φ→ π0γ with the real photon converting
to an e+e− pair on the beam-pipe (BP) and drift-chamber walls or the π0 going to a Dalitz
decay. We suppress the part due to photon conversion by proper cuts on the invariant-mass and
distance between the tracks at BP and DC walls. The agreement between data and the sum of
MC signal and background distribution is shown in Fig. 2 for several variables.
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Figure 2 – Comparison between data (black points) and MC distributions (red histogram is the MC sum) for the
invariant mass of the two photons (top left), for the missing-mass to tracks (top right), for the angle between
the momentum direction of φ and the e+ in the rest-frame of the lepton-pair (bottom left) and for the e+e−

invariant-mass spectrum (bottom right).

At the end of the analysis path, ∼ 14000 events are selected, with a background contami-
nation of about ∼ 35%. The background subtraction, the extraction of the form factor and the
BR are going to be finalized soon.

3 Dalitz Plot analysis of η → π+π−π0

A deeper quantitative understanding of the η → π+π−π0 decay is required in order to explain
the observed discrepancy between the experimental width, Γexp = (300 ± 12) eV 16, and the
next-to-leading order χPT, (ΓLO ∼ 70 eV, ΓNLO ∼ 160 ± 50 eV) as well as to constrain the
quark masses through the extraction of the light quark mass ratio (to which the decay is sensitive
to): Q2 = (m2

s − m̂2)/(m2
d −m2

u), with m̂ = (md +mu)/2 ?.



The KLOE collaboration has already published, in 2008, the Dalitz plot analysis of η →
π+π−π0, with the largest statistics to date 17. A new analysis of KLOE data is now in progress
on a larger, independent data set (1.7 fb−1 collected in 2004-2005). The analysis uses a new
selection scheme and an improved Montecarlo description of the detector in order to reduce
the systematics effects and to overcome some limitations of the previous analysis. The possible
biases, due to the event classification filter, is now studied on pre-scaled, unclassified events.
The η meson is produced by the radiative decay of φ meson: φ→ ηγ → π+π−π0γ, thus the final
state consists is 2 tracks of opposite charge and 3 prompt neutral clusters. At the end of the
analysis cuts (based on time-of-flight to the calorimeter and kinematical variables), the signal
efficiency is ∼ 38%, with a background contamination of ∼ 1%. The Dalitz plot is built using
the X and Y variables as defined in Ref. 17, and fitted to a polynomial expansion around the
origin:

|A(X,Y )|2 ∝ 1 + aY + bY 2 + cX + dX2 + fY 3 + eXY (3)

The preliminary results for the fit parameters, are compared to values of the previous analysis
in Table 1. Only the statistical errors are reported for the new analysis.

Table 1: Comparison between the new values of the fit parameters and the ones from the previous KLOE analysis

Experiment -a b d f

KLOE[08] 1.090(5)(+8
−19) 0.124(6)(10) 0.057(6)(+7

−16) 0.14(1)(2)

New KLOE (prel.) 1.104(3) 0.144(3) 0.073(3) 0.155(6)

As in the previous analysis, c and e parameters are found to be consistent with zero (as
required by the charge conjugation condition), and hence fixed to zero for the present results.
The reduced χ2 for the new fit is χ2/ndf = 1.148. The evaluation of the systematic uncertainties
and the possibility to include the g parameter in the fit are now under study.
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