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The KLOE experiment at the Frascatifactory has recently obtained results i) on Etig — yy)
partial width, with the study ofy production iny-y interactions, and ii) on the form factors for
Vector-meson to Pseudoscalars transitions, with the sisadj Dalitz decayg — P(n, °)y* —
Pete . Thep — nete process has been analyzed using bgth; " m °, andn — m07°n°
decays. Pure samples, of about 13,000 and 30,000 events @gh#nged and neutral mode, re-
spectively, with background contamination at the level @2, have been obtained. The results
completely supersede previous measurements, from the SpEiment, based on 213 events.
We have also studied on a sample of 14,000 eventsp therie* e~ decay for which no data on
the transition form factor were available.

They-y couplings and the partial widths of light mesons can be nredsat thep—factory through
ete” — eTe y*y* — ete X interactions. The KLOE analysis of production is based on an
integrated luminosity of 240 pB3 of data, taken at the center of mass energy of 1 GeV, outside th
@ peak to suppress backgrounds frgrdecays, without any tag froet /e~ in the final state. The
most precise measurement of the cross section foroduction, with two independent analyses
selectingn — " m° andn — n°m°n°, has been used to obtain thén — yy) partial width

at 5% precision level; (n — yy) = (520 20stat® 13syst) €V.
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1. Introduction

The KLOE experiment at the Frascati-factory took most of the data in 2004-2006, with
2.5 fb~! of integrated luminosity at the peak, and about 240 pbat 1 GeV, 20 MeV below the
resonance, for the analysis of dipion, dilepton productionyandnteractions. A new data taking
campaign aiming to collect 5 f} in year 2014-15 is planned to extend the experimental program
in kaon and hadron physi¢$[1].

Recent results in hadronic physics are ontfl@andn coupling to photons. Meson to photon
couplings and the transition form factors, TFFs, are fundamental nezaeuts in hadron physics,
of interest for the effective Lagrangians based on CAFJ[2, 3] anth&ir extensions to the transi-
tion regime from soft, non-perturbative QCD, to hard interactions, destiby pQCD. The tran-
sition form factors forr® andn in the time-like region are provided by the measurements of i) the
Dalitz decays (e.gy — yete™), i) V — Py* transitions (p — nete~, o — mlete™, w— mete,

...), while iii) meson production ig—y interactionsé" e~ — e e~ y*y* — ete n(n°,...)) gives the
coupling to space-like photons, of interest also for the evaluation of lightight contribution to
the anomalous magnetic moment of the m{jon[4].

2. n production in yy interactions

The cross sectioa(ete™ — ete n) is a convolution of the differentigly luminosity and the
yy — n cross section. Thg partial decay width (n — yy) is obtained by extrapolating the value
of a(yy — n) from ¢ space-like region to real photons.

The analysid]5] is based on data collected with®ME operating off thep peak, at,/s= 1
GeV, to reduce the large background frgndecays. The"™ ande™ in the final state are mostly
emitted in forward directions, outside the detector acceptance and theyptaneeasured. The
production of they meson is identified in two decay modes— mtm n° andn — n°n°n®. The
charged and neutral channels are independently studied, exploitingrfioenpance of the KLOE
tracking system, and the calorimeter, respectively. The most relevakgrioand comes from
ete” — ny and, for both measurements, the yieldrpfnesons is controlled by the"e™ — ny
cross section, measured in the same data sample. Data are pre-selectdzhektiraund—rejection
filter [f] requiring at least two neutral clusters in the calorimeter coming treminteraction region
(IP), and with total energy 100 Me¥ E;y < 900 MeV, to reject low energy background events
and the high-rate process=®~ — e'e (y), efe” — yy. A 1/20 sample of unfiltered data is also
reconstructed to evaluate the efficiency of the filter procedure.

Candidates for — mtm n° have i) only two neutral, prompt clusters;qi) at least two
tracks from the IP with opposite curvature apd| + |p2| < 700 MeV, while for then — m°r°m°
channel 4) six neutral prompt clusters with, > 15 MeV and polar angle 23< 6, < 157, and
iin) no tracks in the drift chamber have been required.

The correlation of the squared missing mass;;, and then momentum componentsy ,
andprp, longitudinal and transverse to the beam axis, are used to separatérsignaackground.
Many background contributions are considered: i}¢he™ — nyprocess is a source of irreducible
background whem decays to & and the monochromatic photoB, = 350 MeV, is emitted at
small polar angles remaining undetected; ii) éf@~ — wn® processes whose cross section has
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Figure 1. Projections of the 2-dimensional fit of the selected sample'@™ — e"e n with n — 3r°.
Left: distribution of the § longitudinal momentum. Right: distribution of the squareissing mass. The
contribution of the signal is blug"e~ — nyis red.

been measured with data from the same rlins [7] for a precise evaluatimirafontribution; iii) the
ete” — K Ks;iv) theetew — KTK™ (for the charged channel only); v) Bhabha radiative events,
ete” — ete ythat, given the large cross section, are a background source fdrdahged channel
in case of accidental or split clusters. Bhabha—scattering eventsréiedlpaejected exploiting the
T vset(y) separation capability of the calorimeter, mostly based on the precision ragseirof
the time-of-flight. For the neutral channel only, the background fronthég™e™ — ap(980)y —
nPy; vii) ete™ — o(980)y — m°m’y and viii) ete~ — n'y, whenn’ decays to neutrals, has been
also studied.

A kinematic fit constrained by the invariant mass of the three-body final sgtel to then
mass) has been applied on both analyses, rejecting events with pootifit. qua

The number of signal events is derived from a bi-dimensional fit to daggether with the
number of all of the background components, that are in agreement vgigtEtions from cross
sections and MonteCarlo—evaluated efficiencies. The variables usettinihate the signal are
the squared missing mass and thé&ransverse momentum, in the interva.15 Ge\? < né; <
0.25 Ge\? and prn < 300 MeV (2720 events), in the case of charged decpys P, and
the squared missing mass and théongitudinal momentum in the interval -0.15 G&V né, <
0.35 GeVf and -450 MeV< p_, < 450 MeV (2166 events), for the neutral samplejofs m°n°m°.
For the latter, all backgrounds excepy are negligible and we fit data with two components only,
obtaining 723k 32 signal events, shown in Fijj.1. The projections of the bi-dimensionalthket,
M2, X prn, for data and all of the background components in the charged sampéh @@ in
Figure[®. In this case the fit returns 38429 signal events.

The systematics are evaluated varying all of the analysis cuts, obtainingtiserelaor of
2.5%.

Theresults areo(e"e” — ete n —ete mhm ) = (7.8440.57statt 0.23syst+0.16¢F)pb,
ando(ete” — e'e n — ete 3n°) = (10434 0.485¢a1+ 0.29%yst+ 0.07rF)pb. Using then
branching fractions from Ref][8] :

o(e'e” —e'e n) = (34542 5gtat+ 1.0systt 0.7FF +0.4gR) pb, (2.1)
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Figure 2: Projections of the 2-dimensional fit of the selected sampés e~ — ete n with n — mtm n°.
Left: distribution of the transverse momentum of tlierr yy system. Right: distribution of the squared
missing mass. The contribution of the signal is bleee~ — nyis red,ete” — wr® is black,ete™ —
ete yisgreenge — K"K~ is light blue ande™e™ — KgK| is purple.

and
o(e’e” —ee n)= (3204 1.5ttt 0.9syst+0.2pF £ 0.25R) pb (2.2)

are obtained from the analysis of the charged, and the neuttatay channel, respectively.
The partial width of they meson] (n — yy), is calculated from they differential luminosity
of Ref.[q], taking into account the, andg, 4-momenta distributions for each of the decay modes,
8

dg; d
olete »ete X) = Ny [IF@ @)L oW ~m)d(aa) £ gr.  (23)
mx E: E

where theyy differential luminosity isP(d1, ), I'x—yy is the radiative widthw? = (g, +d)?, and
F(g2,03) is the transition form factor.

The theoretical error in evaluatiry yy — n) has been added to the systematic error, including
the uncertainty on the form factor.

n—mmm F(n — yy) = (548+ 40stat+ 16syst+ 14rF+ 78R) €V, (2.4)

=1 T(n — yy) = (509+ 23statt 14systt 8rr+ 4gR) €V. (2.5)

The two measurements are combined accounting for their correlations to thtgtamost pre-

cise result from a single experimemi{n — yy) = (520 20stat+ 13syst) €V, in agreement with
the world average of Ref][8].

3. ¢ — mlete

The ¢ — nPete~ decays are indentified from the reconstruction of i) two clusters in the
calorimeter, consistent with® decay products, and ii) two tracks of opposite charge in the drift
chamber (DC). Both, the clusters, and the tracks, are originated at fhied®" e~ pairs are iden-
tified from time—of—flight precision measurement of their clusters in the caltenndhe domi-
nant background contribution comes from Bhabha scattering pra;esssawhelming the signal



Hadron physics at KLOE C. Bloise

e*e” mass spectrum

—+— DATA

—— MC signal

10° —— MC allrad BKG
I MC bhabha BKG

—— MC sum

b
600 700
mee =\ee (Mev]

| owii i 15 ane i |55
300 400 500

L

Figure 3: Invariant mass (M) distribution of ¢ — ete 71° events. Left: Selected sample ofL.4,000
candidates, including contamination from Bhabha—sdatigrocesses angl — r°y decays. Right: Data—
MonteCarlo comparison on several distributions:y opening anglegte opening angley-y invariant
mass, missing invariant mass reconstructed from beam—berdet e~ 4-momenta.

atMe > 0.3 GeV (Fig[B, left). The other relevant contribution is frgm- n°y decays. We sup-
press the part due to photon conversions'te™ pairs on the beam pipe (BP) or DC walls by proper
cuts on the track distance and invariant mass, measured at the BP andIB.C wa

A sample of~14,000 candidates is obtained from the analysis of 1.7 & integrated lumi-
nosity, with total efficiency of about 13% at low invariant masseg; #10.2 GeV. Studies are in
progress for the evaluation of the accuracy on i) the backgroundroardéion and ii) the analysis
efficiencies. Fig]J3 (right) shows the data—MonteCarlo comparison omaelistributions for all
of the contributing terms to the selected sample.

4. ¢ — nete”

The Dalitzg decayp — nete~ has been independently studied selecting btk 7771 110,
andn — m°r°n® decay modes, on a sample of about 1.7Xbf integrated luminosity. Thete~
invariant—mass distributions have been obtained on the basis of 13,000,800 &vents selected
in the charged, and the neutral decay mode, respectively.

For charged) decays, four tracks and two neutral calorimeter clusters coming fronPtheel
required, while for the neutraj decay mode, events with two tracks and six neutral clusters from
the IP are selected. The final state must have an invariant mass consigliehe n mass. The™
e~ pairs are identified from the time—of-flight measurement, as iff]Sec.3.

The missing invariant mass reconstructed from beam—bearataeid 4-momenta, Nyl —ee.
is used to identifyp — nete~ candidates, 536 < Mewil_ee < 5545 MeV. The contamination
from @ — nydecays, mainly due to events with photon conversion ®'&n pair on the beam pipe
(BP) or DC wallls, is suppressed tracing backe~ candidates and reconstructing their invariant
mass Mee) and their distancellge) both, at the BP, and DC wall surfaces. Both variables are small
in case of photon conversion, and are rejected witkled(BP) < 10 MeV andDe(BP) < 2 cm ]
or [ Mee(DC) < 120 MeV andDe(DC) < 4 cm ]. An additional cut, on the recoil mass to the
e"e " system, which must be consistent wit mass, 100< Mreggi  (eerm) < 160 MeV, is
used in the analysis of the charged channeb tm °.
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Figure 4: Invariant mass (M) distribution of ¢ — e"e™n events. Left: Selected sample of 30,577 candi-
dates withn — r°r°r® decays, including~3% background contamination. Righ¥lee distribution after
background subtraction (black points) with results from fib(red histogram).

At the end of the analysis chain we obtain consistent distributions from laotplss, on the
basis of 30,577 events selected in the neutral mode, wi8% background, and 13,254 in the
charged decay channel, with2% contamination.

The form factor has been obtained by a fit to the Mistribution using Eq.4} 1:

Nlw

dr(¢ —eten)

2)[2 2 \?  am2m2
(g ny Fn MBI /) 4m2<1 2mZ> <1 M& )_ oMo

dMee Mee vz vz +mi—m:27 (mz—mZ)2
@ n
(4.1)
with 1
2N\ _

and taking into account residual background. [kig.4 referg to nete, n — 3n° analysis.

Data are black points and the fit results, giving, b= (1.17 + 0.10°553) GeV-?, are superim-
posed (red histogram). We have also obtained the branching fraBfp,— nete ) = (1.131+
0.007"39% 4+ 0.034n0rm) x 1074, where the second term is the statistical error, the third is the eval-
uation of systematics, the fourth is the uncertainty on the normalization to the tosal ection,
o(ete” — @)-BR(n — 3n°). The results completely superseded previous measuremgnts[10] and
are in agreement with expectations from the VMD mddéI[11].

5. Conclusions

Several results on meson transition form factors gAdphysics have been recently finalized
on the basis of KLOE data, selected from the 2.5'bf integrated luminosity at the peak, and
240 pb! of off-peak data, at 1 GeV. We have obtained the most precise measiseafé) the
transition form factorF,,, with the analysis ofp — e"e~n decays, and ii) the radiativg width,
[(n — yy) = (520+ 20ga + 1355 ) €V, fromn production iny—y interactionsg*e~ — ete n.

In 2013 the KLOE detector has been upgraded i) to improve vertex reaotien near the
beam interaction region, ii) to increase the acceptance for low polar ahgtens, and iii) to
reconstruct particles passing through DRAPNE final focusing region. A cylindrical tracking
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chamber based on the Gaseous Electron Multiplier (GEM) techn¢Idgygi?been installed be-
tween the beam pipe and the big Drift Chamber to track particles closer to thggir; dwo small
stations of LYSO calorimetefs[[L3] have been placed on the beam pipefdetaction of low polar
angle photons; the final focusing region has been instrumented with sanoplogmeters done
by five layers of tungsten interleaved with scintillator tiles coupled to fibersatigateadout on one
side by silicon photomuiltiplierg[14].

Two different kinds ofy—y taggers have been installed for the detectioa'@dé fromete  —
ete X, crucial for the identification of such processes while running atpthesonance. The two
(et ande™) stations for the detection of particles in the 160-230 MeV energy ramgecastituted
by LYSO calorimeter¢[35] installed 1.5 m from the IP; the other two are scintillsttips [1§]
installed 11 m from the IP, in a Roman pot placed onE#WePNE first bending dipole, to detect
electrons with & > 400 MeV.

Most of the physics program with the detector upgrades for the newtrDA@NE is dis-
cussed in Ref]1]. In particular, with the forthcoming data taking in yead20015 and the oper-
ation of the tagger stations we expect to obtain, among other measuremeftsithe yy) width
at 1% precision level, and the transition form factors at I6with 5-6% per-bin accuracf[17].
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