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Prospective presentation is given for the experimental program of the KLOE-2 Collaboration, to
be performed using the DAΦNE e+ e− collider upgraded in luminosity. Data with the total luminosity of 25 fb−1 are aimed to be collected in 3 years. Major modifications of the accelerator
and the spectrometer are described. The KLOE-2 physics program contains: CKM unitarity and
lepton universality tests, γγ physics, search for quantum decoherence and testing CPT conservation, low-energy QCD, rare kaon decays, physics of η and η 0 , structure of low-mass scalars,
contribution of vacuum polarization to (g − 2)µ , possible search for WIMP dark matter. In this
paper only selected physics subjects are reported.
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1. Introduction
In 2005, KLOE Collaboration [1] has finished taking data with a total luminosity of 2.5 fb−1 .
The experiment was performed at the DAΦNE e+ e− collider (cf. Fig. 1, left), owned by the INFN’s
Laboratori Nazionali di Frascati, and operating at the centre-of-mass energy equal to the Φ(1019)
mass. Fig. 1 (centre) presents year-by-year luminosities during the 5-year KLOE run. Physics

program approved for KLOE-2 [2, 3], the successor of KLOE, requires an order of magnitude
increase of the volume of data and significant improvements in data quality. In order to achieve
this, major upgrade of DAΦNE, ensuring its higher luminosity, was performed. The original KLOE
detector is complemented with new detectors, enlarging its acceptance and improving accuracy.
KLOE-2 begins taking data at the turn of 2010 and 2011, and aims to collect 25 fb−1 in 3 years.

2. DAΦNE luminosity and KLOE-2 detector upgrades
Improvement of DAΦNE luminosity is realized by increasing Piwinski angle and implementing new beam optics [4]. For beams of the lateral size σx at their crossing point and colliding at
angle θ , the Piwinski angle depends on them like ϕ ∼ θ /σx . In order to make ϕ larger, and thus
shrinking beam overlap region, one increases θ and reduces σx . Necessary compensation of betatron resonances is done by using two sextupoles at both sides of the interaction point and is called
the crab waist optics. Increase of θ by factor of 2 and σx reduction by factor 2-3 effects with 3.4-4
times amplification of luminosity compared to 2005, as seen in Fig. 1 (right).
The KLOE spectrometer, covering 98% of 4π solid angle, is shown in Fig. 2 (upper left).
The 0.52 T magnetic field and large drift chamber, filled 9:1 with helium and isobutane, ensure
momentum resolution σ (pT )/pT < 0.4 % and 1 mm vertex resolution. Sampling electromagnetic
√
calorimeter, made of sandwitched lead and scintillating fibres, provides with 5.7 %/ E (MeV)
√
energy resolution and (55/ E ⊕ 100) ps time resolution.
Additional equipments are installed by the KLOE-2, in order to meet requirements of physics
measurements. Research of hadronic final states produced in collisions of two photons with low virtuality, e+ e− → e+ e− γ ∗ γ ∗ → e+ e− X, needs selective tagging of scattered electrons with momenta
close to the beam momentum. To this end, two pairs of taggers are installed: the high-energy
2
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Figure 1: The birds-eye view of the DAΦNE collider located at the INFN’s LNF, where the e+ and e− rings
are schematically indicated (left), the cummulative year-by-year luminosities in KLOE experiment (centre),
and the KLOE-2 luminosity with improved, crab waist, beam optics (right).
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Figure 2: Upper left: the KLOE spectrometer surrounding the e+ e− interaction point, consisting of drift
chamber (blue), the barrel and endcap segments of the electromagnetic calorimeter (yellow), superconducting magnet coil embedded in cryostat and the magnet yoke. Upper right: KLOE-2 electron taggers suitable
for detection of lower-energy electrons of 160-230 MeV (LET) and higher-energy electrons of more than
400 MeV (HET). Lower left: KLOE-2 inner tracking detector located close to the interacting point and
consisting of four GEM layers. Lower right: KLOE-2 near beam detectors: CCAL, for extending photon
angular acceptance from 21 ◦ down to 10 ◦ (insert), and QCALT consisting of silicon photomultipliers, wave
shifters and quadrupole magnets.

3. Selected issues of the KLOE-2 physics program
Complete physics program of KLOE-2 contains: CKM unitarity and lepton universality tests,
γγ physics, search for quantum decoherence and testing CPT conservation, low-energy QCD, rare
kaon decays, physics of η and η 0 , structure of low-mass scalars, contribution of vacuum polariza3
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tagger (HET), made of scintillators and photomultiplier tubes, designed for E > 400 MeV, and
the low-energy one (LET), made of inner LYSO crystals and silicon photomultipliers, capable of
detection of 160 < E < 230 MeV electrons (cf. Fig. 2, upper right). Improvement in vertex resolution and acceptance for particles with low pT is obtained by the inner tracking detector, made
of four cyllindrical GEM layers around the beam pipe, as shown in Fig. 2 (lower left). It provides
with the 100 µm spatial resolution and a few ns time resolution, typically improving accuracy of
decay vertex reconstruction by factor of 4. New detectors are installed close to the beam line in
order to enhance acceptance for photons at low angle and provide with additional improvement of
reconstruction of decays far from the interaction point (Fig. 2, lower right). These are the CCAL,
consisting of LYSO scintillating crystals with avalanche photodiodes, improving acceptance for
photons from 21 ◦ to 10 ◦ , and QCALT, made of silicon photomultipliers with wavelength shifters
and additional quadrupoles.
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tion to (g − 2)µ , possible search for WIMP dark matter. Full description of this physics program is
given in ref. [3].
3.1 The two-photon physics
In the reaction e+ e− → e+ e− γ ∗ γ ∗ → e+ e− X, Fig. 3 (left), two quasi-real photons produce
hadronic final state X with quantum numbers J PC = 0±+ , 2±+ . Differential number of X as function
of the γγ mass is given as
(3.1)

where the normalized flux is presented in Fig. 3 (centre).

Figure 3: Left: basic diagram describing the process e+ e− → e+ e− γ ∗ γ ∗ → e+ e− X. Centre: Normalized
photon flux as a function of two-photon mass and for three values of centre-of-mass energy of colliding
electrons. Right: Compilation of the γγ → 2π cross section [5].

Special interest is devoted to X being two-meson state, either charged or neutral. In particular,
for X = ππ compilation of the production cross section data from Belle, Crystal Ball and Mark II as
a function of energy [5] is displayed in Fig. 3 (right). Regions marked as I, II and III, to all of which
KLOE-2 can contribute, correspond to different classes of physical phenomena. In region I, 8501100 MeV, accurate measurements of 2π differential cross sections and any precise measurements
of the cross section for K K̄ and πη final states are needed. For region II, 450-850 MeV, precision
measurement of 2π final states, in both charge modes, are called for, mainly for study of σ / f0
meson. Energy region III, i.e. 280-450 MeV, is covered by outdated measurements and calls for
signifucant improvement in data statistics. This domain is crucial for the partial-wave analysis
of resonances. The π 0 π 0 channel is generally cleaner than π + π − , being devoid of the µ + µ −
background, but is still contaminated by the background from Φ → K 0 K̄ 0 with one escaping kaon.
This background will be supressed by using taggers.
For Wγγ > 1 GeV, photons reveal internal quark structure od the f2 (1270) tensor meson, decaying into two pions with branching fraction 85%. Therefore σπ + π − → σπ 0 π 0 for high energy. For
energy below 1 GeV, photons couple mainly to the two-pion final state from decay of the scalar
σ / f0 (600) and therefore σπ 0 π 0 becomes small.
4
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dNX
dF
= Lee
σγγ→X ,
dWγγ
dWγγ
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Interesting possibility is opened by measurement of the final-state pseudoscalar mesons like
π, η and η 0 . In the narrow-state approximation, the production cross section for pseudoscalar P is
related to its decay width into two photons Γ(P → γγ). For P = η, η 0 , this width can be used for
determination of the η − η 0 mixing angle and the gluonic contents of η 0 [6], transision form factors
and contribution to the light-by-light scattering in (g − 2)µ [3].
3.2 Decoherence in entangled two-kaon states
Following time evolution of KL,S pairs, born back-to-back in pure quantum 1−− state from Φ
decay
1
|ii = √ (|KS (~p)i|KL (−~p)i − |KL (~p)i|KS (−~p)i)
2

(3.2)

provides with a unique opportunity to test the validity of quantum mechanics [7]. In the most
natural and simplest approach, one investigates the time difference ∆t spectrum for kaons decaying
into f1,2 final states
I( f1 , f2 ; ∆t) ∼ |η1 |2 e−ΓL ∆t + |η2 |2 e−ΓS ∆t − 2(1 − ζ )|η1 ||η2 | cos(∆m∆t + ∆φK )

(3.3)

where 0 ≤ ζ ≤ 1 parametrizes the interference term. In particular, ζ = 1 corresponds to the Furry
hypothesis [8] of complete coherence lost.
Hypotheses with more physics insight were subsequently proposed: dissipative decoherence
with a dissipative term added to the Liouville equation for evolution of the kaon density matrix
parametrized with three parameters α, β and γ [9], and the symmetric state admixture ω|i0 i =
ω
√
(|KS (~p)i|KS (−~p)i − |KL (~p)i|KL (−~p)i) to the initial state |ii (3.2) (cf. ref. [10]).
2
Detection of kaons in KLOE(KLOE-2) is performed by tagging: either KL is tagged by the
KS → ππ decay close to the interaction point, or KS is tagged by KL crashing in the electromagnetic
calorimeter.
5
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Figure 4: Spectra of difference of decay times (3.3), together with backgrounds and fits, for KLOE [11]
(left) and foreseen improvement of precision due to installation of inner tracker in KLOE-2 (centre and
right)
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In Fig. 4 the spectra (3.3) are presented, as measured by the KLOE Collaboration [11], and
improvement expected from KLOE-2 with vertex resolution sharpened by using the inner tracker.
Summary of the best fit values obtained by KLOE and errors expected from KLOE-2 for 25 fb−1
of data [11] is given in Tab. 1. As can be judged from the table, an order of magnitude improvemnt
is expected for all parameters, except for the least sensitive α.
KLOE
(0.3 ± 1.9) × 10−2
(0.1 ± 1.0) × 10−6
−4
(−1.6+3.0
−2.1 ± 0.4) × 10
−4
(−1.7+3.3
−3.0 ± 1.2) × 10
(−0.5 ± 2.8) × 10−17 GeV
(2.5 ± 2.3) × 10−19 GeV
(1.1 ± 2.5) × 10−21 GeV
(0.7 ± 1.2) × 10−21 GeV

KLOE-2 (25 fb−1 )
±0.2 × 10−2
±0.1 × 10−6
±3 × 10−5
±4 × 10−5
±2 × 10−17 GeV
0.2 × 10−19 GeV
±0.3 × 10−21 GeV
±0.2 × 10−21 GeV

Table 1: The best fit values obtained by KLOE [11] for decoherence parameters, using different models of
decoherence [8, 9, 10], and errors foreseen for KLOE-2 using 25 fb−1 of data. The last line refers to γ with
the positivity hypothesis [12].
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