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The muon anomalous magnetic moment is one of the most pheoisasured quantities in par-
ticle physics and a persistent discrepancy of abamti®tween standard model (SM) prediction
and experimental measurements has been up to now obsehetkading order contributicxali}'0

is actually the main source of uncertainty in the theorégegaluation of the muon anomaly, and
it can be evaluated by dispersion integral using the exparial measurement of hadronic cross
section. The KLOE experiment at tlge— factory DA®NE in Frascati (near Rome) is the first
to have exploited Initial State Radiation (ISR) to pregisgtermine thete™ — " 11~ (y) cross
section below 1 GeV representing the 70% of the leading aietribution to the muon anomaly.
The KLOE-collaboration published two measurements oftha~ cross section with the photon
in the initial state emitted at small angle in 2005 and 2008}, @n independent measurement of
therrt i1 cross section with the photon emitted at large angle in 20b&se measurements were
normalized to the D®NE luminaosity. Recently, a new analysis deriving the piomfdactor di-
rectly from measuring the bin-by-bim" rry and ™t uy ratio has been performed. We present the
preliminary results of this new measurement, comparede@thvious 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 muon, am, is one of #i&bewn quantities in par-
ticle physics. Recent theoretical evaluations [1] find @mipancy of about 3 standard deviations
from the value obtained from the g-2 experiment at Brookhay2]. A large part of the uncer-
tainty on the theoretical estimates comes from the leadidgrchadronic contributioaﬂad'o, not
calculable by perturbative QCD at low energies, which iduatad with a dispersion integral using
measured hadronic cross sections. The use of Initial Sed@kon (ISR) has opened a new way to
measure these cross sections at particle factories apgwtfixed energies [3]. The region below
1 GeV, which is accessible with the KLOE experiment in Fréisadominated by ther" i final
state and contributes witk 70% toazad'o, and~ 60% to its uncertainty. Therefore, an improved
precision on thetrt cross section would result in a reduction of the uncertaomtyhe leading order
hadronic contribution tay,, and in turn to the SM prediction fa,.

2. Measurement of oz Wwith ISR
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Figure 1. Schematic view of the KLOE detector with selection regions.

The KLOE detector operates at the DAE e" e collider in Frascati. It consists (Fig. 1) of
a high resolution drift chambewoy/p < 0.4%) [4] and an Pb-scintillating fibers calorimeter with
excellent time ¢ ~ 54 ps+/E [GeV] ®100 ps) and good energyi/E ~ 5.7%//E [GeV])
resolution [5]. DAPNE is a¢— factoryrunning at,/s~ My, and has delivered ca. 2.5thof
integrated luminosity to the KLOE experiment up to the ye@@@ So far KLOE has reported
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two measurements of ther cross section between 0.35 and 0.95 Géalled KLOEO5S [6] and
KLOEOS [7] in the following). In addition, about 250 pb of data have been collected g& ~ 1
GeV, 20 MeV below thep resonance, from which a new measurementrafcross section was
obtained (KLOE10 [8]). Running at energies below theneson resonance reduces considerably
the background from the copiogsmeson decay products, including scalar mesons. AOREA
was designed to operate at a fixed energy arddpdthe differential cross sectionode™e™ —

mt i y)/dM2 s measured, and the total cross Seciof = Oere i - IS €valuated using the
formula [3]:

do
s o = Omn(Mz) H(MZ,9) (2.1)
dMz.
in which s the squaredt™ e~ center of mass energy, amtl the radiator function obtained from
theory describing the photon emission in the initial sta#® alternative way to extract tharm
cross section uses the my/u™ u~yratio [9]:

domy/ds  4ma®

dony/ds
Onm(y) = Oup(y) do,,,/ds ~ 39

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

wheres the four-momentum square of the virtual photae, the ete center-of-mass energy
squared after ISR emissiom,, the muon mass3,, B the muon and pion velocities in the center-
of-mass frame, dyr,/ds, doy,y/ds theete™ — "y, e"e” — p*u~y differential cross sec-
tions, respectively. In both Egs.(2.1), (2.2) Final Staselidtion (FSR) terms are neglected, but
are taken into account properly in the analyses. The diifexkcross sections ratio presented in
Eq. (2.2) allows us to completely cancel important contidns to the total uncertainty which are
instead present in the measurement performed by Eq. (Af)ely the integrated luminosity, the
radiation function H and the vacuum polarization.

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

The first two KLOE published analyses (KLOEO5 and KLOEOS8)duselection cuts in which
the photon is emitted within a cone 6f < 15° around the beamline (narrow cones in Fig. 1) and
the two charged pion tracks have’59 6,; < 130° (wide cones in Fig. 1). In this configuration, the
photon is not explicitly detected, and its direction is mestoucted from the two detected charged
pion tracks’ momenta as3, ~ Pmiss= —(Pr+ + P ). These cuts guarantee a high statistics for
ISR signal events, and a reduced contamination from thexaes@rocess™e™ — @ — " 1°
in which ther® mimics the missing momentum of the photon(s) and from the §itade radiation
processete” — MH T ysr. As a consequence of these event selection conditions, iginy h
energetic photon emitted at small angle forces the piomstalbe at small angles (and thus outside
the selection cuts), resulting in a kinematical suppressibevents withM2, < 0.35 Ge\2. To
access the two pion threshold, a new analysis has beenmpeddiKLOE10) requiring events with
photon at large polar angles with 5& 6, < 130° (wide cones in Fig. 1), in the same angular
region as the pions. To significantly reduce the contanonatiom foy and pt decays of thep-
meson, data were taken g = 1 GeV about 5 times th¢-meson decay width(, = 4.26+0.04
MeV [10]) outside the narrow peak of thiggresonance. The drawback in using such acceptance
cuts is about a factor 5 reduction in statistics, as well agarease of background events from
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final state radiation and frormp radiative decays compared to the small angle photon actuapta
criterion. The model dependence of tlperadiative decays to théy(980) and fp(600) scalars
together withgp — pmm— (11y)m, has a strong impact on the measurement [11]. To overcorsge thi
KLOE10 measurement uses the data acquired by the KLOE expetiat a,/s= 1 GeV.
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Figure2: MC simulation ofMit gk vs. M2,,. rirty andupy events are located arount andmy, respectively,
while rt m ni® events occupy a region in the upper left of the plot. The blaws represent the cuts used
in the analysis.

This reduces the contamination effect due to contributioos foy and prr decaygp-meson
to within 1%. Contamination from the processgs m*m n° andete™ — u+u~y are rejected
cutting the kinematical variablédrrk 1 (see Fig. 2 ) an@ ? (see Fig.2 left in Ref. [8]).

To efficiently suppress the high rate of radiative Bhabhattsing events, a particle 1D esti-
mator based on calorimeter information and time-of-flighised. The residual background content
is found by fitting theMrrk spectrum of the selected data sample with a superpositidtioote
Carlo (MC) distributions describing the signal and backm sources. The fit parameters are the
fractional normalization factors for the MC distributiorobtained in intervals df/l,217T

Using Eq. (2.1) the pion form factdF,|? is extracted and compared with the previous pub-
lished one (KLOEOS8), showing excellent agreement (see Jjig-The dipion contribution to the
muon anomaha™ is then extracted from the bare cross sectian,corrected for the running of
electromagnetic couplingemand inclusive of FSR.

The cross section corrected for the runningogf, and inclusive of FSRabare), is used to

o
determineﬁaﬁ7T via a dispersion integral:

m 1 [Smax d ghare (VK (d

"= g | 08 ORI (EK(E). (3.)

with Spin = 0.10 Ge\? and smax = 0.85 Ge\? the lower and upper bounds in the present

1The trackmass is defined using conservation of 4-momentuaterihe hypothesis that the final state consists of two

charged particles with equal mas and one photon./s— \/\ P2+ M2y, — \/| B2 +M2)2— (Py +P-)2=0
2Q is the three-dimensional angle between the direction o$éhected photon and the missing momentum.
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Figure 3: KLOE10 data points have statistical error attached, thg bamd gives the statistical and sys-

tematic uncertainty (added in quadrature). Errors on KL®ROints contain the combined statistical and
systematic uncertainty.

Analysis | Aaj"(0.35—0.85 Ge\?) x 10710

Table 1: Comparison between KLOE10 and KLOEO8 measurements.

analysis, and(s) the kernel function described in [12]. We obtain a value [8] o

AaT™(0.1—0.85 GeV’) =
(4785 + 2.0stat+ 4.8exp =+ 2.9theo) - 1071°. (3.2)

The evaluation ofa/i" in the range between 0.35 and 0.85 Gewid its comparison with KLOEO8

[7] result is reported in Table 1.
The KLOE measurement has been compared with the resultssfremexperiments available
in literature [8]. Combining the results from the two me&sunents one obtains:

a]"(0.1-0.95 GeV) = (4886+5.0)- 10 1°. (3.3)

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

Areasonable agreement has been found with CMD-2 and SNEDimeu@s at Novosibirsk [13]
(especially below thg),while some deviation is found with respect to new BaBarsueament [14],
especially above 0.65 GeV where the BaBar result is highe-8%6.



KLOE measurement of tre(ete™ — mhm(y)) Giuseppe Mandaglio

4. Measurement of the pion form factor from the rrry/uuy ratio

Equation (2.2) has been used to extract the pion form facsoam bin-by-bin ratio between the
observed pion and muon ISR differential cross sectionss maiv approach has several benefits
especially radiative corrections with respect to the mresipublished results. The integrated lu-
minosity as well as the radiation function H and the vacuutanEation cancel completely in the
roity/ Uy ratio. In addition the ratio of the acceptance enters in 2@) (giving corrections of the
order of few percents. The additional analysis on muon avieas to be performed at subpercent
level, not a trivial task especially for the pion/muon sepian(see Fig. 2, right). In fact, due to the
p-resonance enhancement, tiwe cross section is up to one order of magnitude larger thap the
cross section around 0.6 G&V
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Figure 4: Up: Comparison of data (black points) and MC (blue pointsupfy absolute cross section;
(Down) ratio of the two. The green band shows the total (eérpamtal and theoretical) systematic error.

The same sample of plof KLOEO8 measurement, is analyzed with the small angleghot
selection. While the analysis farmy is essentially the same as for KLOEQS, the analysis for
uuy is completely new and is based on following main featureseparation betweenpy and
ity events realized assuming the final state of two chargedcletivith equal maskitrk and
one photon: théMltrk < 115 MeV Mrrk > 130 MeV) selection leads t0:910° (3.1 x 10F)
candidateuuy (rrty ) events. This selection has been checked using other tpaw®)isuch as a
kinematic fit or tighter cuts on the quality of the chargectlisa all bringing to consistent results;
2) trigger, particle identification and tracking efficieegimeasured with data control samples. The
puy cross section measurement (KLOE11 in the following) hasbmmmpared with the value
estimated by using PHOKHARA MC [9], and a good agreement leas fiound (see Fig.4). Then
the preliminary pion form factor has been extracted and @et with the one from KLOE10,
showing good agreement (see Fig. 5).
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Figure5: Pion form factor obtained byrrry /upuy ratio (KLOE11) and the previous (KLOE10) analysis.

The preliminary value foa/™ has been computed and compared with previous KLOE results
(see Table 2). These results are in good agreement confirttméngo discrepancy between the
experimental value and the Standard Model predictioa,of

Analysis | a"(0.35- 0.85 Ge\?) x 10'°

| a™(0.35—0.95 Ge\#) x 1010

KLOEOS | 3872+ 0.5tk 2.4sys % 2.3meo

Table 2: Comparison between the new preliminary result KLOE11 arel ghblished KLOE10 and
KLOEO8.

5. Conclusions

Analyzing the 239.2 pb1 KLOE data sample (the same used édKHHOE08 measurement), a
preliminary evaluation of dipion cross section, pion foraatbr, and leading order contribution to
muon anomaly by using theerty /uy ratio measurement (KLOE11) has been performed and here
showed. These preliminary results and the previous KLOEsorements (KLOEO8 and KLOE10)
are in good agreement. We also presented the evaluatiar{efe- — u™u(y)) cross section
normalized to integrated luminosity of BINE showing a good agreement with the PHOKHARA
MC [9] prediction. The present preliminary evaluation oflh@nic leading order contributioa;}'0
confirms the about & discrepancy between SM prediction and experimental measnt [2],
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pointing out the role of the expected future improvementsiiact experimental measurement (in
program at JLAB and JPARC laboratories) and in theoretigadiption of the muon anomaly (with
the help of KLOE-2 and other experiments around the worldyder to solve this puzzle.
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