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η → π0γγ, η/η′ mixing angle and status of η mass measurement at KLOE.
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Here we present preliminary results from the KLOE experiment for the measurement of the
Br(η → π0γγ), the ratio of the two branching fractions Br(φ → η′γ)/Br(φ → ηγ) with the
π+π−7γ final state and a preliminary measurement of the η mass using the decay φ → ηγ,
η → γγ.
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1 Introduction

The KLOE experiment is performed on the Frascati φ factory DAΦNE. It is an e+e− collider
working at

√
s ∼ 1020 MeV, corresponding to the φ mass. Among other physical goals KLOE

performs measurements of η, η′ decays and η mass with good accuracy and in the clean environ-
ment typical of the e+e− machines. The η is produced through the electromagnetic decay of the
φ meson: φ → ηγ.
The analysis described here have been performed using data collected during the years 2001 and
2002 (450 pb−1), corresponding to ∼ 19 millions of η mesons.
The KLOE detector is composed of two main detectors:

• a large cylindrical drift chamber with a stereo-wires configurations, used to detect the
tracks left by charged particles, and used for charged vertex determination, momentum
measurement and charge determination. It is embedded in a cylindrical superconducting
solenoid that produces a magnetic field of ∼ 5 KGauss. The Drift Chamber momentum
resolution is σpT

/pT ∼ 0.4% [1].
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• an electromagnetic calorimeter built with a sampling of lead and scintillating fibers. The
light produced by the scintillating fibers is collected at both ends of the modules and it
is used to determine time and energy of the produced clusters. The time resolution is
σt ∼ 54/

√

E(GeV )⊕140 ps and the energy resolution is σE/E ∼ 5.7%/
√

E(GeV ) [2].

2 Measurement of the ratio Br(φ → η′γ)/Br(φ → ηγ).

The ratio of the branching ratios R = Br(φ → η′γ)/Br(φ → ηγ) is related to the η−η′ mixing
angle. The value of this angle is related to the presence of a valence gluon content in the η ′

meson [4]. Here we describe a preliminary KLOE measurement of this ratio by using the final
state π+π−7γ.
The final state π+π−7γ can be given by two different decay chains:

φ → η′γ, η′ → π+π−η, η → 3π0 φ → η′γ, η′ → π0π0η, η → π+π−π0

The following requirements are used for the signal searching:

• 1 charged vertex in a cylinder with a 4 cm radius and a 16 cm length around the interaction
point;

• 7 clusters in the calorimeter with time |t − r/c| < 5σt where (σt is the calorimeter time
resolution) and angle θγ > 21◦ respect to the beam direction. The angular cut is used to
reject machine background that produces accidental clusters in the lower angular region of
the calorimeter;

• all the events identified as a KS, KL pair are rejected.

A kinematic fit is performed imposing energy-momentum conservation and the χ2 of the kine-
matic fit is used as a selection variable.
At the end of the selection 3750 events are identified. The background has been estimated using
a Monte Carlo simulation of the all physical processes that can be identified as signal together
with the full simulation of the detector response. The main background channels are:

KS → π+π−, KL → 3π0 KS → π0π0, KL → π+π−π0

KS → π+π−γ, KL → π0π0π0

the first 2 processes emulates the signal if a cluster is added by the machine background or there
is a splitting of a cluster in the calorimeter.
The total number of estimated background events is 345, that gives a number of signal events
Nsignal:

Nsignal = Nobserved − Nestimatedbackground = 3405± 65stat. ± 28syst.

The systematic error comes from the variation of the background estimate as a function of the
rate of accidental clusters in the detector.
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The number of φ → ηγ decays is determined by counting the number of η → 3π0 decays
(Nη→3π0 = 1665000 ± 1300). The ratio of the two branching fractions is extracted using the
following formula:

R =
Br(φ → η′γ)

Br(φ → ηγ)
=

N(η′ → π+π−7γ)

N(η → 3π0)

εη→3π0Br(η → 3π0)

Brchargedεcharged + Brneutralεneutral

Kρ

where:

Brcharged = Br(η′ → π+π−η) · Br(η → 3π0)
Brneutral = Br(η′ → π0π0η) · Br(η → π+π−π0).

The factor Kρ = 0.95 is a correction factor to the observed decay rate due to the interference
between φ → η(η′)γ and ρ → η(η′)γ [3]. The evaluation of the systematic error is still under
refinement. The main source of systematic error comes from the uncertainty on the η ′ → π+π−η
and η′ → π0π0η branching ratios (3%) that will be measured with KLOE using the data collected
in the years 2004 and 2005 [5].
Using this formula we obtain the preliminary result:

R = (4.76± 0.08stat. ± 0.20syst.) · 10−3 (1)

and the pseudo-scalar mixing angle ϕP = (41.3+2.0
−0.6)

◦, obtained using the procedure described
in [6].

3 Measurement of the branching fraction η → π0γγ [7].

The η → π0γγ decay has been measured by several experiments in the past. The experimental
value of this branching fraction decreased with time with the increasing of the luminosity of the
machine and of the statistic of the η meson produced sample, showing that the main problem of
this measurement is the correct estimate of the background. In the PDG2004 [8] is reported the
measurement of the GAMS experiment [9], whose value is (7.2±1.4)×10−4. Recently other two
measurements have been published by the Crystal Ball collaboration. These two measurements
come from two different analysis of the same data sample, they find the values: (3.5± 0.7stat. ±
0.6syst.) × 10−4 [10] and (2.7 ± 0.9stat. ± 0.5syst.) × 10−4 [11].
At KLOE the η → π0γγ proceeds through the decay chain:

φ → γη, η → π0γγ, π0 → γγ

Therefore there are 5 γ in the final state. The main background processes are:

φ → γf0, f0 → π0π0, π0 → γγ φ → γa0, a0 → ηπ0, η → γγ, π0 → γγ
e+e− → π0ω, ω → π0γ, π0 → γγ φ → ηγ, η → 3π0, π0 → γγ

The background composition in the DATA sample is determined at an early stage of the analysis
where the signal contribution is negligible, by fitting the spectrum of the invariant mass of all
pairs of photons (mγγ) reported in Fig. 1.
Then, further analysis criteria are used to reject background coming from the η → 3π0 channel
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Fig. 1. (left) mγγ distribution used to determine the background content; (right) m4γ distribution: DATA,
dots with error bars, MC signal and MC background are normalised according the fit result.

when one or more pairs of photons merge in the calorimeter. A likelihood function has been
built to identify merged clusters. At the last stage of the analysis the spectrum of the invariant
mass m4γ is used to extract the number of signal events. The spectrum shown in Fig. 1 is fitted
with the MC expected distributions of the background and of the signal. The number of signal
events is Nsig = 68 ± 23. To extract the branching fraction, we have counted the number of
η → 3π0 events in the same data sample: Nη→3π0 = 2288882. The efficiency of the η → π0γγ
analysis has been computed by MC, using a flat phase space assumption for the π0γγ dynamic.
It is εη→π0γγ = 4.63± 0.09%, while εη→3π0 = 0.378± 0.08syst ± 0.01stat. Therefore we can
write:

Br(η → π0γγ)

Br(η → 3π0)
=

N(η → π0γγ) · εη→3π0

N(η → 3π0) · εη→π0γγ

= (2.43± 0.82) × 10−4 (2)

Using the value of Br(η → 3π0) reported in [8] we obtain the preliminary KLOE result:

Br(η → π0γγ) = (8.4 ± 2.7stat ± 1.4syst) × 10−5 (3)

This value is lower than the previously published values and it is in agreement with ChPT pre-
diction at order p6 with VMD resonance saturation assumption for the L6 Lagrangian [12, 13].

4 η mass measurement.

Recently a new η mass measurement has been performed by the GEM collaboration [14] that
measures a mass value that is half MeV below the previous NA48 measurement [15], but it is in



η → π0γγ, η/η′ mixing angle and status of η mass measurement at KLOE. 5

10

10 2

10 3

m2γ1γ2

m
2
γ 2

γ 3

GeV2

G
e
V
2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

mγ1γ2

e
v
e
n
t
s
/
(
6
2
.
5
 
K
e
V
)

MeV

0

50

100

150

200

250

300

350

544 546 548 550 552

Fig. 2. (left) Dalitz plot of the 3γ final state, the cut chosen to reject background is shown, (right) mγγ

distribution.

agreement with the previous η mass measurements [8]. For this reason KLOE is performing a
new measurement of the η mass using a completely different approach. The mass is measured
studying the decay φ → ηγ, η → γγ. To improve the energy response of the calorimeter a
Kinematic fit is performed imposing energy-momentum conservation. A cut in the Dalitz plot
of the 3γ final state is performed in order to reduce the background mainly due to e+e− → γγ,
e+e− → e+e−(γ), φ → π0γ, Fig. 2. A sharp peak around the η mass is found with negligible
background (σpeak ∼ 2 MeV), Fig. 2. The 2001 + 2002 data taking has been divided into 8
periods, each corresponding to about 50 pb−1 of collected data. The systematic has been studied
by studying the effect of energy, time, vertex position and

√
s miscalibration on the measured

value of the η mass. In Fig. 3 the measurements obtained in the 8 periods are reported and
the systematic band is shown. All the measurement lie in the estimated systematic band. The
statistical error has been computed by fitting the 8 measurement with a constant and evaluating
the error on it. The preliminary result obtained is:

mη = 547822± 5stat ± 69syst keV (4)

As a check of the method we have measured also the mass of the π0 by using the decay φ → π0γ
obtaining mπ0 = 134990±6stat.±30syst. keV, that is fully in agreement with the value reported
in [8] mPDG

π0 = 134976.6± 0.6 keV.
This preliminary measurement is in agreement with NA48 measurement, 0.24 standard deviation
away (mNA48

η = 547843± 30stat. ± 41syst. keV), and it disagrees with the GEM measurement
(mGEM

η = 547311± 28stat. ± 32syst. keV).
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Fig. 3. η mass measurement in the several periods. The systematic band, red rectangle, is shown.
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