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The KLOE experiment at theg — factory DA®NE in Frascati (near Rome) is the first to have
employed Initial State Radiation (ISR) to precisely detieerthee™e~ — 1" 17~ () cross section
below 1 GeV. Such a measurement is particularly importariesp the Standard Model (SM)
calculation for thgg— 2) of the muon, where a long standing 8liscrepancy is observed.

In 2005 and 2008 KLOE published two measurements ofthe~ cross section with the photon
emitted at small angle, and an independent measuremeneaf'ti~ cross section with the
photon emitted at large angle using data at a collision gnefd. GeV (.e. 20 MeV below
the @-peak) was published this year. While the measurements maraalized to the DAONE
luminosity using large angle Bhabha scattering, a new aisahas been performed which derives
the pion form factor directly from measuring the bin-by-bifry/u™u~y ratio. We present
the preliminary results of this new measurement, as welhaptevious published ones, and the
impact on the evaluation of the hadronic contribution tortheon anomaly.
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1. Introduction

The anomalous magnetic moment of the muay, is one of the best known quantities in
particle physics. Recent theoretical evaluations [1] fidisarepancy of about 3 standard deviations
from the value obtained from the g-2 experiment at Brookhd2¢ A large part of the uncertainty
on the theoretical estimates comes from the leading orddnoha contributionaﬂad'o, which at
low energies is not calculable by perturbative QCD, but lmabd evaluated with a dispersion
integral using measured hadronic cross sections. The usiialf state radiation (ISR) has opened
a new way to obtain these cross sections at particle fastoperating at fixed energies [3]. The
region below 1 GeV, which is accessible with the KLOE experitin Frascati, is dominated by
therr" i~ final state and contributes with 70% toaﬂad'o, and~ 60% to its uncertainty. Therefore,
improved precision in therrrcross section would result in a reduction of the uncertaamtythe
leading order hadronic contribution &y, and in turn to the SM prediction far,.

2. Measurement of o7ywith ISR

The KLOE detector operates at the DAE e"e  collider in Frascati. It consists (Fig. 1,
left) of a high resolution drift chamberof/p < 0.4%) [4] and an electromagnetic calorimeter
with excellent time ¢; ~ 54 ps/\/E [GeV| ©100 ps) and good energgd /E ~ 5.7%/+/E [GeV))
resolution [5]. DAPNE is ag— factoryrunning at,/s~ My, and has delivered ca. 2.5 fhof data
to the KLOE experiment up to the year 2006, from which KLOE reggsorted two measurements
of the rrrrcross section between 0.35 and 0.95 G&alled KLOEOS [6] and KLOEOS [7] in the
following). In addition, about 250 pt} of data have been collected @~ 1 GeV, 20 MeV below
the @ resonance, from which a new measurement was obtained (KQQEL Running below
the ¢ resonance diminishes the backgrounds from the copjodiscay products, including scalar
mesons. As DANE was designed to operate at a fixed energy arddpdthe differential cross
section &r(e"e” — mtmry)/dM2 . is measured, and the total cross sectigiy = Ocre 7t 1 IS
evaluated using the formula [3]:

do
: dM"%"nV: O M2 ) H(M2_s) | (2.1)

in which sis the square@'e center of mass energy, ahtlis a radiator function obtained from
theory describing the photon emission in the initial state alternative way to extract theerrcross
section uses the" my/u™ u~yratio [9]:

donny/ds  4ma?

- s dogp,/ds
nny) — ““(V)da““y/ds’ - 39

(1+2m3/s)B, e (2.2)

wheres is the four-momentum square of the virtual photoa, the € e center-of-mass energy
squared after ISR emissiom,, is the muon masg3,, B;; are the muon and pion velocities in the
center-of-mass framegg,/ds, doy,y/ds are theete™ — mtmy, efe” — utu~ydifferential
cross sections. In both Egs.(2.1), (2.2) Final State RiadigFSR) terms are neglected, but are
taken into account properly in the analyses. In Eg. (2.2)integrated luminosity as well as the
radiation function H cancel completely in the ratio, as dibesvacuum polarisation.
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Figure 1: Left: Schematic view of the KLOE detector with selectionicew; Right: Pion form factofFr|?
obtained in KLOE10 and the previous (KLOEOQ8) analysis.

3. Measurements of Pion form factor normalized to Luminosity from Bhabha events

The first two KLOE published analyses (KLOEO5 and KLOEO8)duselection cuts in which
the photon is emitted within a cone 6f < 15° around the beamline (narrow cones in Fig. 1,
left) and the two charged pion tracks have 506,; < 130° (wide cones in Fig. 1, left). In this
configuration, the photon is not explicitly detected, itsedtion is reconstructed from the tracks’
momenta by closing kinematicgly ~ Pmiss= — (P + P ). While these cuts guarantee a high
statistics for ISR signal events, and a reduced contamimdtom the resonant processe™ —
@ — 1 1° in which the® mimics the missing momentum of the photon(s) and from thée fina
state radiation process e — 1" 1T }tsR, @ highly energetic ‘ photon emitted at small angle forces
the pions also to be at small angles (and thus outside thetiseleuts), resulting in a kinematical
suppression of events witl2,, < 0.35 Ge\2. To access the two pion threshold, a new analysis
has been performed (KLOE10) requiring events that are teeldo have a photon at large polar
angles between 80< 6, < 130° (wide cones in Fig. 1, left), in the same angular region as the
pions. To significantly reduce the contamination frdgy and pmr decays of thep-meson data
were taken at/s=1 GeV, about 3, outside the narrow peak of tigeresonance. Using Eq. (2.1)
the pion form factoiF,|? is extracted and compared with the previous published oh€©08),
showing excellent agreement (see Fig. 1, right). Fronbtre cross sectioni,.e. corrected for the
running ofaemand inclusive of FSR, the dipion contribution to the muonraaty a;j™is extracted.
Combining the results from the two measurements one obtains

a’(0.1- 0.95 GeV?) = (4886+5.0)- 10 1°. (3.1)

The KLOE experiment covers 70% of the leading order contigiputo the muon anomaly with
1% total error.

4. Measurement of the pion form factor from the mrryuuy ratio

Equation (2.2) has been used to extract the pion form fa¢som bin-by-bin ratio between the
observed pion and muon ISR differential cross sections.s@hee sample of 239.2 pbf KLOEO0S,
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is analyzed with the small angle photon selection. Whileatiedysis forrt it yis essentially the same
as for KLOEOS, the analysis fqruy is brandly new and is based on following main features: 1)
separation betweenuy andriryevents realized assuming the final state of two chargedclesti
with equal massvitrk and one photon: th&lrrk < 115 MeV Mtrk > 130 MeV) selection
leads to 9x 10° (3.1 x 10P) candidateupy (rrTy events, this selection is checked against other
techniques, such as a kinematic fit or tighter cuts on thetyuzlthe charged tracks, all bringing
to consistent results; 2) trigger, particle identificateomd tracking efficiencies checked from data
control samples. Thguy cross section measurement (KLOE11 in the following) is carag with

the one obtained by PHOKHARA MC [9], and a good agreement leas liound. Then the pion
form factor has been extracted and compared with the onelo@E10, showing good agreement
(see Fig. 2). Thereliminaryvalue foraj;"is computed and compared with previous KLOE results
(see Table below). These results are in good agreementroamjithe 2 discrepancy between the
experimental value and the Standard Model predictioa,of
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Figure 2: Pion form factorFy| obtained byrrryuuy ratio (KLOE11) and the previous (KLOE10) analy-
sis.
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