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1. Introduction

From 2000 to 2006, the KLOE experiment collected 2.5'bf e e~ collisions at thep peak
and 240 pb?! below the @ resonance (s = 1 GeV). Thep meson predominantly decays into
charged and neutral kaons, thus allowing KLOE to make pmetistudies in the fields of flavor
physics, low energy QCD and test of discrete symmetries.hAtsame time, properties of pseu-
doscalar and scalar mesons have been extensively studiggl high statistic samples produced
through o radiative decays angy interactions.

A new beam crossing scheme allowing for a reduced beam szénareased luminosity is
operating at DAPNE [1]. The KLOE-2 detector is successfully rolled in and hagn upgraded
with small angle tagging devices to detect both high and loergy electrons or positrons in
ete” — ee X events. About 5 fb! are expected in the first year of running. Inner tracker
and small angle calorimeters are scheduled to be installedsubsequent step, providing larger
acceptance both for charged particles and photons. A ddtdiscription of the KLOE-2 physics
program can be found in Ref. [2]

2. The @ — nete decay

TheV — Py* Dalitz decays, associated to internal conversion of theqrhimto a lepton pair,
are not well described by the Vector Meson Dominance (VMD}etoThis is clearly visible in the
di-lepton invariant mass shape @f— n°/*¢~, measured by the NA60 collaboration [3]. The only
existing data op — nete~ come from the SND experiment, which has measured tharMariant
mass distribution on the basis of 213 events [4]. Also in daise, the measurement of the form
factor slope differs by~ 2g’s from the VMD expectations. A new measurement of this pssce
with larger statistics is therefore needed to confirm thidation. This decay is also interesting for
the search of a possible contribution fram— nU, whereU is a vector gauge boson, with mass
near the GeV scale, coupling the postulated secluded seicWtMP dark matter to the Standard
Model [5, 6, 7, 8, 9, 10, 11, 12, 13, 14]. The kinetic mixing graeter.e, is expected to be of the
order 104-1072[6, 15].

The analysis of theg — nete, with n — m*m n° has been performed on 1.5th Prese-
lection cuts require: (i) four tracks in a cylinder aroune thteraction point (IP) plus two photon
candidates; (ii) bestrt T~ yy match to then mass using the pion hypothesis for tracks; (iii) other
two tracks assigned t@" e ; (iv) loose cuts om and7® invariant masses (495 M-y < 600
MeV, 70 < My, < 200 MeV). A cut in the distribution of the recoil mass to thee™ pair, 535<
Mrecoil(€€) < 560 MeV is then applied.

A residual background contamination, duegte- ny events with photon conversion on beam
pipe (BP) or drift chamber walls (DCW), is rejected by tragkback to BP/DCW surfaces the two
e", e candidates and then reconstructing the electron-positraariant mass and the distance
between the two particles. Both quantities are small if ecggrirom photon conversion.p —
KK_and<p — " 1° events surviving analysis cuts have more than two pionsérfittal state.
They are rejected using time-of-flight to the calorimeterh&lf an EMC cluster is connected to
a track, the arrival time to the calorimeter is evaluatechbwith calorimeter Teuste) and drift
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Figure 1. Fit to the correctedMe spectrum for the Dalitz decay — nete (left) and exclusion plot at
90% C.L. for the parameter’ /a = £, compared with existing limits in the KLOE region of interésght).

chamber Tyack) information. Events with ae', e candidate outside a®s window on the
DT = Tyack — TelusterVariable are rejected.

About 14,0000 — nete", n — mtm n° candidates are present in the analyzed data set,
with a very small residual background contamination. Thsultthg electron-positron invariant
mass shapdyle, has been fitted, taking into account bin-by-bin analydigiehcy and using the
decay parametrization from Ref. [16]. Fit results are régubin Fig. 1 left. A good description
of the Mg shape is obtained except at the high end of the spectrumevehersidual background
contamination from multi-pion events is still present.

The ¢ — nU Monte Carlo (MC) signal has been produced according to Ré&f}, [with a
flat distribution of theU boson mass. Events are then divided in sub-samples of 1 Methwi
For eachMe value, signal hypothesis has been excluded at 90% C.L. ub@Ls technique
[18]. For thep — nU signal, the opening of the — u*u~ threshold has been included, in the
hypothesis that the boson decays only to lepton pairs and assuming equal couaie™ e~ and
utu~. The expected shape for the irreducible backgropnd n ete™ is obtained from our fit
to theMe distribution, taking also into account the error on the nemiif background events as a
function ofMee. In Fig. 1 right, the smoothed exclusion plot at 90% C.L.adria = £2 parameter
is compared with existing limits from the muon anomalous n&ig momenty, [19] and from
recent measurements of the MAMI/AL [20] and APEX [21] expemts. The gray line is where
theU boson parameters should lay to account for the observetegiacy between measured and
calculateda,, values. Our result greatly improves existing limits in a @imlass range, resulting in
an upper limit on thex’/a parameter ok 2 x 107> @ 90% C.L. for 50< My < 420 MeV.

3. Then — " ydecay

Then — yy decay proceeds through the triangle anomaly and is acabdotdy the Wess-



Hadron Physics at KLOE and KLOE-2 Simona GIOVANNELLA

—=— Experimental data r

@- 1t background MC 6000—
Signaln - 'ty n
Othern decays MC C
= Sum of all MC 5000~

3500

3000

2500 40001

2000 r
3000~
1500 r
2000~
1000 E

1000

500

it NS L Fhet o St ' Covvn b b b b b by el 111
-040 -30 -20 -10 0 10 20 30 40 ?00 250 300 350 400 450 500 550 600
E™S- P [MeV] Mrt (MeV)

Figure2: n — " m y analysis: fit to theEmiss— Pmiss distribution with background and signal MC shapes
(left) and fit to therr™ i~ invariant mass (right).

Zumino-Witten (WZW) term into the ChPT Lagrangian. The baomaly is a higher term of
WZW describing the direct coupling of three pseudoscalasane with the photon. Thg —
mtmy decay provides a good tool to investigate the box anomalychwbescribes the not—
resonant part of the coupling, through the measurement efptirtial width and the study of
the invariant mass of the di-pion system. The present workteme of then — "y par-
tial width, F(n — m"my) = (60+4) eV [23], provides strong evidence in favor of the box
anomaly, compared with value expected with and without thectiterm [22]: (56.3+ 1.7) eV
and (10094 2.8) eV, respectively. Recently the CLEO experiment has medsihe ratioR, =
r(n— mtmy)/r(n — mtm m°) = 0.175+ 0.007ar 3 0.006sys [26], which differs by more than
30’s from the average result of previous measurements [24 25} 0.207+ 0.004.

The analysis off — mt "y has been performed using 558 Bbwhere about 25 10° n’s
are produced together with a monochromatic recoil phojgnwith E,, = 363 MeV) through the
radiative decayp — ny. The final state under study is therefarémr yy and the main background
contribution comes fronp — 1" 1~ 1° events, with the same final state. Other relevant background
components ar@ — ny — 1 1Py, with one photon lost, ang — ny — ete™yy, with both
electrons mis-identified as pions. After preselection assd to clean up the data sample, signal
events are selected exploiting tipe— ny two body decay kinematics. Background contribution
and the signal amount in the final sample are evaluated withta fine Eniss— Pniss distribution
with MC shapes (Fig. 2 left), whefgn,iss and Pyiss are the missing energy and momentum of the
T 1Ty, System, respectively. We fifd(n — mt ™ y) = 204950+ 450, with a 10% background
contamination. The process— ny, n — mtm P, with similar event topology and negligible
background contamination, has been used as normalizaiople. The preliminary ratio of the
partial decay widths is:

F(r; — n*rry)
r(n — mtm )

= 0.1838+£ 0.0005;t5t+- 0.003Qyst, (3.1)

to be compared with the world average value &f02+ 0.007 [23].
TheMy dependence of the — " 1y decay width has been parameterized with several
theoretical approaches. In Fig. 2 right, the preliminaryofithe background subtracted di-pion
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Figure 3: Fit to thee"e~ete™ invariant mass used to extract the— e"e~ete~ contribution.

invariant mass spectrum, using the description of Ref.,[B/presented. The agreement is good.
Fits with more complex parameterizations are in progress.

4. Observation of then — e"e~ete™ decay

The search of the rare and never observed dgcaye™e ete™ has been performed using 1.7
fb—1. Events with foue™ in the final state are selected using the time of flight infafameprovided
by the calorimeter. Backgrounds from — yy/ete"y with photon conversion are rejected by
reconstructing the conversion point on the beam pipe ot céimber walls. Most of the residual
background comes from continuum events and a small cotitribis due tog decays. The latter
is subtracted from data using the MC spectrum. The numbdgpébkevents is obtained by fitting
the data distribution of the four lepton invariant massed with signal and background shapes
(Fig. 3). The resulting(?/ndf is 43.9/34, corresponding tq %) = 0.12. From the fit we extract
Ny_ere-ere- = 362+ 29, corresponding to a branching fraction of [28]

fully inclusive of radiation effects. This constitutes tfiest observation of this decay. Our mea-
surement is in agreement with theoretical predictions cilaire in the rangé2.41— 2.67) x 107>
[29, 30, 31].

5. yy-physics

The study of the reactioae™ — ete™ y*y* — ete X, whereX is some arbitrary final state
resulting from fusion of two photons, gives access to stat#sJ™° = 0*+, 2=+ In the low-energy
region accessible at DANE, several existing measurements are affected by largistgtal and
systematic uncertainties. At KLOE, where there is no taggithe outgoinge™e™, yy interactions
have been studied using off-peak data (240'ptollected at,/s= 1 GeV), as the main source of
background comes fromp decays.
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Figure 4: Left: Fit to theM2.__distribution foryy — n — m°m®mn® events. Points with error bars are data,

miss
black solid histogram is fit result. The main components agat (light blue) andp — ny (red.) Right:
preliminary KLOE measurement fag: .-, ,, evaluated at 1 GeV, compared with other experimental result

in the same energy range.

The n radiative width,I" (n — yy), is usually extracted from the measurement oféehe™ —
ete n cross section. The KLOE analysis is performed using bothrake(n — mm°m®) and
charged § — " m 1) decay channels. The main backgroundsrfors t°r°m® are annihilation
processes with at least four prompt photons in the final state e~ — ny/KsK /wmn®. Events
with six and only six prompt photons in the final state and wiithtracks in the drift chamber are
selected. The photons are paired choosing the combinatischwninimizes ay?-like variable
based on the® masses. A kinematic fit is then performed asking for the sitqits invariant
mass to be equal to the mass of thaneson. A cut is then applied on the energy of the most
energetic photon to rejeet' e” — ny events in which the monochromatic photdfy € 350 MeV)
is detected. The only surviving background events are dtieetirreducible process e~ — ny,
with the monochromatic photon lost in the beam pipe. Theibigion of the recoil missing mass
(M2, is fitted with the superposition of MC shapes for signal aadkground (Fig. 4 left). From
this fit we extract the preliminary measurement of both thproduction cross sectiorg(yy —

n) = (37.0+ L4sta£ 2.25y5) pb, ando(ee — ny,/s=1 GeV) = (0.875=+ 18z 35sys1) Nb.
This last result is shown in Fig. 4 right, together with otlegperimental results [32] in the same
energy range. The selection gf— " 1° asks for two photons compatible with7® decay
and two tracks with opposite curvature coming from the smh point. The charged pion mass is
assigned to the two tracks and a least squares function lbasegigrange multipliers imposes that
i come from am decay. Further criteria are applied to suppress procesigbsphotons
ande*e™ in the final state. The distribution ®f2, is then fitted with the superposition of MC
shapes for signal and background. The preliminary measemtnof then production cross section
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Figure5: yy — m°ri® analysis. Left: scatter plots of the two photon pairs irematimass before (top) and
after (bottom) the cut on thxfy variable. Right: spectrum of the four-photon invariant mgsoints with
error bars) compared with the sum of normalized backgroyhték solid line). The main background
contributions are shown in colourgp — KsK; (light blue), e"e~ — wm® (blue), @ — fo(980)y (pink),

@ — ny(green) ance  — yy (red).

iso(yy— n) = (41.7+4.0s4) pb, in agreement with the measurement obtained with thealeut
channel. Systematics are still under evaluation.

The study of theete~ — ete °1° process aims to investigate the loWmP° invariant mass
region, just above the production threshold, where a damutinn from theo scalar meson is ex-
pected. The main backgrounds are annihilation processtsfetir or more prompt photons in
the final stated e~ — KK /ny/wnP/fy(980)y) and theete~ — yy process with cluster split-
ting. Selected events have no tracks in the drift chambef@mdorompt photons in the final state.
The photons are paired choosing the combination which niasisnay -like variable based on®
massesxfy. Events withxfy > 4 are rejected. The effect of this selection is shown in Figft5 To
rejectete” — KK events, where a large amount of non-prompt energy is reddagbe detector,
a cut on the energy fraction carried by photoRs= (3, Ey)/Eca > 0.75, is applied. The prelim-
inary four photon invariant mass spectrum for the selected dample is shown in Fig. 5 right,
together with the normalized background Monte Carlo sittotes. The excess of events with re-
spect to the expected annihilation processes, in the loarigmt mass region, is an indication of
the yy — r°m® production.

The upgrade of the KLOE-2 detector, with four stations itstito tag electrons and positrons
from the reactiore" e — ete™ y*y* — ete X, will give the opportunity to investigatgy physics
also at thap resonance for the reactioyy — m°/mrt/n /nm[2] . Single pseudoscalar production
would improve the determination of the two—photon decaythddf these mesons. Moreover,
it would be possible to measure the transition form fact%s,kw(qf,q%) as a function of the
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momentum of the virtual photonqi andq%, which are of interest for the theoretical evaluation of
the hadronic light-by-light contribution to the muon mago@nomaly.
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