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The KLOE experiment
The KLOE experiment, at the Frascati φ−factory Daφne took data in 2001-2002 and 2004-2006

2.5 fb-1 integrated at 1.02 GeV;   250 pb-1 at 1 GeV 

Excellent-quality data set for precision measurements of

CKM unitarity
QM, and CPT invariance;
CP in kaons;
QCD models based on ChPT;
isospin-violating decays for the measurement of the light quark masses ratio;
hadronic cross section for the calculation of HVP
γγ physics

   New data taking to integrate 5 fb
-1

 during 2014-17                     
        G. Amelino-Camelia et al., EPJ C68, 619 (2010)

   KLOE-2 Run follows
        the upgrade of Daφne interaction region with crab-waist

 the KLOE upgrade with the installation of IT, calorimeters at low angle, taggers for γγ physics
 consolidation works on Daφne 
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Detector upgrades

  
Installation of the upgrades and the IR 
in Dafne completed on 12 July 2013
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Tagging system for γγ physics
 Two stations have been installed 

  HET station (scintillator strips) @ 11 m from the IP  
  DAFNE bending dipoles used as spectrometer 

  Energy acceptance for final-state particles expected in 
the range 410-490 MeV  
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LET station (LYSO crystals) @ 2 m from the IP, in 
one of the QCALT wedges

It should detect final-state particles of about 200 MeV

With taggers, on-peak data could be used for γ−γ 
study



Daφne operation
The accelerator complex was consolidate in 
2013-14 to substantially improve the uptime  

It is able to routinely deliver 12 pb-1 per day 

Electron and positron beam currents in 
excess of  1.4 (e-) and 1 (e+) A in 105 
bunches stored

Continuous alternate injections of electron 
and positron beams on a time basis of 10 
min

Average luminosity exceeds 1.5 1032 cm-2  s-1
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The KLOE-2 Run

From Nov 2014 KLOE-2 recorded 2.4 out of 
3 fb-1 delivered by Daφne closely following 
data taking plans 

Performance and operation stability still 
improving 

The goal is to achieve  5 fb-1  by the end of 
2017
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Transition form factors
Meson to photon coupling and the transition form factors, TFF, are fundamental 
measurements in hadron physics, relevant to
      ChPT and its low-q2   extensions 

the analytic extrapolations of ChPT Lagragian to resonances region
the treatment of the transition regime from soft, non-perturbative QCD, to hard processes 
(pQCD)

They are measured from 
i)    meson decays, with P→V γ(*) transitions, as η→π0 e+ e- 
ii)   radiative meson production in  e+  e -   interactions, as φ → π0 e+ e-  or  φ → η e+ e-  

iii)  meson production in  γ-γ  interactions 
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Φ → η e+e- 
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η → π0 π0 π0   decays have 
been selected for the purity of 
the sample obtained

3x104 events selected 

15.5% global efficiency 

3% residual background 



The TFFΦ→η 
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The results are in agreement with VMD predictions  
and with previous measurements from SND and 
CMD-2

The transition form factor slope is a factor of five 
more precise than previous measurement

BR(φ → η e+ e- )=(1.075 ± 0.007 ± 0.038)x10−4 

b
Φ→η

 = (1.17 ± 0.10+0.07
−0.11

) GeV−2



Φ → π0 e+e- 
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It is the first analysis of the 
transition form factor 

Background from radiative Bhabha 
and φ → π0 γ is relevant 

Background subtraction has been 
obtained separately in different q2 

windows

Global efficiency from 15% at low 
Mee to 2% at 0.6 GeV

 9500 events selected (background-
subtracted)



Systematics
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The systematic error  receive equal contribution 
from the control of the analysis cuts and from the 
procedure of background subtraction

BR(φ → π e+ e- )=(1.35 ± 0.05 +0.05
−0.07

)x10−5

b
Φ→π

 = (2.02 ± 0.11) GeV−2



The results on TFFs
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     C. Terschlusen and S. Leupold, Phys. Lett. B 691, 191-201 (2010)
      One-pole approximation with KLOE data
      One-pole approximation - VMD

      S. Ivashyn, Prob. Atomic Sci. Technol. 2012N1, 179-182 (2012)
      S. P. Schneider, B. Kubis, F. Niecknig, Phys. Rev. D 86 (2012) 054013
      I. Danilkin, et al., Phys. Rev. D 91 (2015) 094029
      One-pole approximation - VMD    
     

Comparison with different models



η → π0 π+π- 
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The interest to improve on the precision of the 
measurement of the density of the Dalitz plot 
is related to the development of dispersive 
techniques to derive more powerful 
constraints on the light quark masses

     H. Leutwyler 0911.1416

The Dalitz plot density has been obtained with 
an high-purity sample (15% global efficiency) 
and corrected to take into account the 
residual background
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Results on η → π π+π- 
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The decay amplitude has been parametrised 
by a polynomial expansion around the 
Dalitz plot centre

The results improve the precision on the 
parameters by a factor of 2

Systematics also improved using control data 
sample for the efficiency measurement

a b d f
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The HET tagger

16

Main goal at present  is the precision measurement of the π0  width [Bernstein, 
Rev.Mod.Phys. 85 (2013) 49]  using meson production γγ from scattering 

O(104) π0  expected with 5 fb-1  

HET stations installed after bending dipoles, 11 m from the IP 
28+1 scintillators of different length 
Operational since the very beginning of the KLOE-2 data taking
Energy acceptance from 425-490 MeV. MC validation needed



Time resolution
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Time difference between 
electron and positron stations 
in agreement with uncorrelated 
events

Time resolution of 550 ps 
measured 

Bunch structure in Daφne  
measured separately by both, 
HET and KLOE 

HET

KLOE



HET rates
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electrons positrons

HET rates are dominated by single-arm Bhabha’s . Particles from intra-
bunch scattering give a 24% (4%) contribution to the e- (e+) rates 
(average, Jan 2016)

It is the ideal device to provide fast, reliable feedbacks on the 
machine operation 

min min min

Timeline of the rates Timeline of the T/(B+T) ratio



Tagger data analysis 

HET stations are completely noiseless 

The timeline of the counting rate for electron AND positron stations shows 
only 2 visible contributions : from luminosity and from Touschek particles 

Machine background reaches a maximal relative contribution of 30% for 
electron and 6% for positron beams

The total rate dominated by Bhabha scattering is at the level of 500-600 kHz 

The rate of uncorrelated time-coincidences between KLOE and HET requires 
full reconstruction of a large fraction of the KLOE triggers

We have pre-filtered candidates of single-π0 production from γγ scattering 
A total of 450 pb-1   are being analysed
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Conclusions
The large data sample of light mesons recorded at the φ factory and the sensitivity of the KLOE 
detector provide a unique opportunity for precision measurements in hadron physics

Precision measurements of V→ P γ* transitions from Φ → η e+e
-  

and Φ → π0 e+e-  have been 
obtained

The Dalitz plot density of the isospin-violating η → π π π decays, sensitive to the light quark mass 
ratio, has been studied at KLOE and both statistical and systematic accuracy have been improved

Daφne is currently operating with a novel beam crossing scheme and good operational stability 
providing stable beams in continuous injection mode. More than 12 pb-1 per day are routinely 
delivered.

The upgraded detector, KLOE-2, has already collected 2.4 fb-1 demonstrating the feasibility of the 
goal to record 5 fb-1 by the end of 2017.

The KLOE-2 physics program is mainly focused on the study of low energy hadrons and on 
neutral kaon interferometry

The analysis of meson production from γγ  exploiting the KLOE-2 tagging system has been 
started. The goal is to improve to the percent level the precision of the p0 radiative width and 
obtain the first measurement of the TFF at low momentum transfer
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η → π0 π+π- : data-MC comparison
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η → π0 π+π- : theory 
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π0 radiative width
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1950; Steinberger, Panofsky, and Steller, 1950; Panofsky,
Aamodt, and Hadley, 1951), and its primary decay mode
into two gamma rays. This last feature is closely connected
with the chiral symmetry of QCD (Donoghue, Golowich, and
Holstein, 1992; Nambu, 2009), which makes ! mesons the
lightest hadrons (Nakamura et al., 2010).

During the 1950s it was discovered that the pion family is
an isotriplet with spin ¼ 0 and negative parity J! ¼ 0".1 The
pseudoscalar nature of the pions (Nakamura et al., 2010) was
interpreted by Nambu (2009) as being due to the breaking of
the underlying chiral symmetry of nature. In modern terms,
the QCD Lagrangian is chiral symmetric in the limit where
the light quark masses vanish (Donoghue, Golowich, and
Holstein, 1992). If this symmetry were to be manifested in
the conventional Wigner-Weyl fashion, each quantum state,
such as the proton, would have a nearly degenerate opposite-
parity partner particle. Since this is not the case experimen-
tally, Nambu realized that the axial symmetry is instead
realized via the appearance of massless pseudoscalar mesons
(now called Nambu-Goldstone bosons) so that, e.g., the
opposite-parity partner of the proton is a state containing
the proton and a massless ‘‘pion.’’ This conjecture was put
on a stronger theoretical basis by Goldstone (1961). Of
course, in the real world pions have small but nonvanishing
mass due to the explicit breaking of chiral symmetry, since
the masses of the up and down quarks are small, but nonzero
(Leutwyler, 1996, 2009; Nakamura et al., 2010). The modern
picture of pions is that they are Nambu-Goldstone bosons in
addition to being Yukawa’s mesons and are the source of the
longest-range component of the nucleon-nucleon interaction.
They play this role by having relatively weak interactions
with nucleons in the s wave (vanishing in the chiral limit
when the masses of the light quarks vanish) but strong
interactions in the p-wave channel.

Electromagnetic effects make the charged pions 4.6 MeV
heavier than the neutral pion. This means that the !0 primar-
ily decays in the two gamma mode or the relatively weak
(’ 1:2%) "eþe" Dalitz decay mode (Dalitz, 1951). This
decay, similar to the two-photon decay of positronium, re-
quires that the two photons are E1 and M1, in order to carry
away the negative parity of the J! ¼ 0" state (Perkins, 1982).
This means that the electric field vectors of the two photons
are orthogonal, as has been experimentally demonstrated in
the double Dalitz !0!eþe"eþe" decay (Plano et al., 1959;
Abouzaid et al., 2008).

Since the !0 lifetime #ð!0Þ is ’ 10"16 s, it is far too short
to measure by electronic means. The conceptually simplest
technique is to measure the mean distance that the !0 meson
travels before it decays. By measuring the upper limit to the
decay distance dð!0Þ in low energy reactions it was realized
that #ð!0Þ< 5& 10"14 s within the first year of its discovery.
The difficulty with this technique is the small magnitude of
dð!0Þ ¼ $"c#ð!0Þ, where $ is the !0 velocity relative to the

velocity of light c, " ¼ 1=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1" $2

p
is the relativistic boost

factor, and c#ð!0Þ ’ 2:4& 10"6 cm using the currently ac-
cepted value of #ð!0Þ ’ 0:8& 10"16 s. This short decay

distance dð!0Þ is hard to measure unless the pion is accel-
erated to high energies, where $ approaches unity and " is
large, and is why the early series of low energy direct decay
distance measurements obtained only upper limits. This effort
was not concluded until 1963 with the first definitive, high
energy measurement, which utilized an 18 GeV proton beam
at CERN with the result that #ð!0Þ ¼ ð0:95' 0:15Þ &
10"16 s (von Dardel et al., 1963).2

The results for the !0 lifetime (and decay width) are shown
in Fig. 1. There have been four different experimental meth-
ods which have been utilized to measure the !0 lifetime. The
first is the direct technique, discussed previously. Figure 1
shows the result obtained by the latest and most accurate
direct measurement performed at CERN with much higher
energy protons (450 GeV) (Atherton et al., 1985). The
second experimental procedure utilizes the Primakoff
(1951) effect in which an incident photon interacts with the
Coulomb field of a nucleus to produce the !0 meson. A
measurement of the cross section combined with detailed
balance yields the value of #ð!0Þ. Measurements using
this technique were carried out from 1965 through 1974
(see Sec. IV). The third method, published in 1988,
involves measurement of the cross section for the purely

FIG. 1 (color online). !0 ! "" decay width in eV (left scale) and
#ð!0Þ, the mean !0 lifetime in units of 10"16 s (right scale). The
experimental results with errors and publication dates are from left to
right: (1) 2011 particle data book average (Particle Data Group,
2011); (2–(4) Primakoff experiments (1970)–(1974) (Bellettini
et al., 1970; Kryshkin et al., 1970; Browman et al., 1974a); (5) direct
method (1985) (Atherton et al., 1985); (6) eþe" (1988) (Williams
et al., 1988); (7) !$ experiment (2009) (Bychkov et al., 2009); and
(8) new Primakoff measurement (2011) (Larin et al., 2011). All of
these experiments with the exception of the last one are the basis
of the particle data book average. The lower dashed line is the LO
prediction of the chiral anomaly (Adler, 1969; Bell and Jackiw, 1969)
[!ð!0 ! ""Þ ¼ 7:760 eV, #ð!0Þ ¼ 0:838& 10"16 s]. The upper
solid line is the HO chiral prediction and the dotted lines show the
estimated 1% error (Ananthanarayan and Moussallam, 2002; Goity,
Bernstein, and Holstein, 2002; Kampf and Moussallam, 2009)
[!ð!0 ! ""Þ ¼ 8:10 eV, #ð!0Þ ¼ 0:80& 10"16 s]. For the rela-
tionship between !ð!0 ! ""Þ and #ð!0Þ, see Eq. (3).

1For a brief history of the experiments leading to the measure-
ment of J! ¼ 0" for the pion family, and the connection with the
two-photon decay of positronium, see Perkins (1982). 2This is the corrected value presented by Atherton et al. (1985).
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KLOE trigger thresholds
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 π0 candidates 
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