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KLOE collected2.5 fb
� 1 of dataat the peakof the φ

�
1020� resonanceat the e� e

�
collider

DAΦNE. About 108 η mesonshave beenproducedthroughthe radiative decayφ � ηγ. Re-

sultson thedecaychannelsη � 3π0, η � π� π � γ andη � π� π� e� e
�

arepresented.

Using the 250 pb
� 1 collectedoff-peakat � s � 1 GeV the e� e

� � e� e
� γγ � e� e

� π0π0 pro-

cesshas beenstudied looking for the contribution of the σ
�
600� , and the cross-sectionof

e� e
� � e� e

� γγ � e� e
� η hasbeenmeasured.

Thelatestresultsonthehadroniccross-sectionmeasurementthatconfirmthethreestandarddevi-

ationdiscrepancy betweentheexperimentalandtheStandardModelvaluesof themuonmagnetic

anomalyarereported.

Someprospectsfor thenew data-takingof KLOE startingatthebeginningof 2011attheupgraded

DAΦNE arealsodiscussed.
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1. Introduction

KLOE is amultipurposedetector, consistingof a largecylindrical drift chamberwith aninter-
nal radiusof 25 cm andan externaloneof 2 m, surroundedby a lead-scintillatingfiberselectro-
magneticcalorimeter, which providesa 98%solid anglecoverage.Both areimmersedin the0.52
T field of a superconductingsolenoid.From2000to 2006KLOE hascollected2.5 fb 
 1 of dataat
thepeakof theφ � 1020� at thee e
 colliderDAΦNE in Frascati,plus250pb
 1 off-peak.
In this paperthe recentKLOE resultson η decaysandon thephysicsof thecontinuum(γγ pro-
cessesandhadroniccross-section)arepresented.
During2008anew interactionschemeof theDAΦNE φ-factoryhasbeensuccesfullytested,reach-
ing a peakluminosity of abouta factorof threelarger thanwhatpreviously obtained.Following
theseachievement,anew data-takingwith animproveddetectorwill startat thebeginningof 2011
(referredto asKLOE-2 experiment).TheKLOE-2 presentupgradeconsistsin the installationof
two differente� taggersfor γγ physics:theLow Energy Tagger, madeof two crystalcalorimeters
placedveryneartheDAΦNE InteractionPoint(IP), andtheHigh Energy Tagger, madeof two po-
sitionsensitivedetectorsplacedfar from theIP, afterthefirst bendingdipolesof DAΦNE.After the
collectionof about5 pb
 1 in oneyeardata-taking,a majordetectorupgradeis planned[1], aiming
to collectabout20pb
 1 of datato completetheKLOE physicsprogram[2].

2. η decays

Thepropertiesof theη mesoncanbestudiedthroughtheradiative decayφ � ηγ. The full
KLOE datasetcorrespondsto about108 η produced.With thissamplethedominantdecaymodes
like η � 3π aswell astherareonesη � π π
 γ andη � π π
 e e
 have beenstudied.

η � π0π0π0. Thethree-piondecayis isospin-violatingandis dueto a termproportionalto the
d and u quark massdifferencein the QCD Lagrangian,thus is suitablefor a precisedetermi-
nation of the ratios of the light quark masses.The Dalitz plot of the neutraldecayη � 3π0

is symmetricand its densityis describedby the slopeparameterα , �A� Z ��� 2 ∝ 1 � 2αZ, where
Z ��� 2� 3� ∑3

i � 1 � � 3Ei � mη ����� mη � 3π ��� 2. Froma sampleof 450pb
 1, 6.5� 105 eventswith seven
promptphotonshave beenselectedwith negligible background.Fromthefit of theZ distribution
α � � 0� 0301� 0� 0035 0  0022


 0  0036 hasbeenobtained[4], consistentwith thepreviousexperimentalde-
terminations,but in disagreementwith Chiral PerturbationTheory (χPT) calculationsat NNLO
whichpredictapositive value[3].

η � π π
 γ. A significantcontribution to the amplitudeof η � π π
 γ is expectedfrom the
box anomaly, which is a higherordertermof theWess-Zumino-Witten Lagrangian.Thetwo pion
invariant massdistribution canbe usedto disentanglethis contribution from the resonantones,
dominatedby the ρ meson.In this respectthe existing measurementsdonein the 1970sarenot
sufficient for an unambiguousinterpretation[5]. Moreover the most recentdeterminationof the
branchingratioby theCLEOCollaborationis two standarddeviation lower thantheolderones.
Fromtheanalysisof asampleof 1.2fb 
 1 of data,ameasurementof thebranchingrationormalized
to η � π π
 π0 hasbeenobtained,Γ � η � π π
 γ ��� Γ � η � π π
 π0 �!� 0� 201 � 0� 006 in good
agreementwith theoldermeasurements.Theuncertaintyis dominatedby systematics.Work is in
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Figure 1: Left: π� π � e� e
�

invariantmassdistribution. Right: distribution of sinφcosφ variable(seetext
for theφ angledefinition).

progressto analyzethewholeKLOE datasample,with theaim to reducethe total uncertaintyto
about1%,andto studytheπ π
 invariantmassdistribution.
In thefirst yearof theKLOE-2 data-takingwe expectto collectabout105 η /0� π π
 γ; this will
allow acombinedanalysisof theboxanomalyin bothη andη / decays.

η � π π
 e e
 . Theconversiondecayη � π π
 γ
� � π π
 e e
 allows to probetheinternal

structureof theη mesonmeasuringthevirtual photon4-momentumvia the invariantmassof the
leptonpair. The theoreticalcalculationof thebranchingratio rangesfrom 25� 10
 5 to 36� 10
 5

and the previous exprimentalmeasurementsare basedon very low statisticssamples,Br � η �
π π
 e e
 �1�2� 37 25


 18 � 30�3� 10
 5 (4 events)by CMD-2 andBr � η � π π
 e e
 �4�5� 43 20


 16 �
4�6� 10
 5 (16events)by theWASA experimentatCELSIUS.
An asymmetryin the distribution of the angleφ betweenthe decayplanesof the leptonsandof
thepions,would bea signalof CPviolation. This asymmetryis constrainedby experimentaland
StandardModel upperlimits on theCPviolating decayη � π π
 , to beat mostof O� 10
 4 � and
O� 10
 15 � respectively. However a possibleCPviolation mechanismbeyond theStandardModel
thatcanraisetheasymmetryup to 2 � 10
 2 hasbeenproposed[6].
In asampleof 1.73fb 
 1, 1555� 52signaleventswith abackgroundof 368havebeenselected(see
fig.2), from whichBr � η � π π
 e e
7� γ ���8�9� 26� 8 � 0� 9 � 0� 7�:� 10
 5 hasbeenobtained[7]. The
planeasymmetryhasbeenmeasuredfor thefirst time,Aφ �;� � 0� 6 � 2� 5 � 1� 8�8� 10
 2.
With asampleof 20 fb 
 1 andtheincreaseof theefficiency expectedwith theinsertionof anInner
Tracker[1], KLOE-2 couldimprove theprecisiononAφ at thelevel of 1%.

3. γγ physics

In γγ processes,like e e
<� e e
 γ
�
γ
� � e e
 X, C �=� 1 hadronicstatescanbeproduced.

If both photonsarequasi-real,the EquivalentPhotonApproximationcanbe doneandthe event
yield canbeevaluatedaccordingto NeeX � L dF

dWγγ
σγγ > X � Wγγ � dWγγ, whereWγγ is thetwo photon

invariantmass,L is the integratedluminosity anddF � dWγγ is theγγ flux function. As shown in

3
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fig.3 at theDAΦNE energy thefinal stateswith a thesingleπ0 or η aswell asthethetwo pionone
canbedetected.Thelatteris interestingfor thestudyof theσ � 600� scalarmeson,via thereaction
γγ � σ � 600�:� ππ. Thecleanestchannelis γγ � π0π0; about240pb
 1 of datacollectedoff-peak
at ? E � 1 GeV, to reducethelargebackgroundfrom φ decays,have beenanalyzed.Eventswith
only four promptphotonshave beenselected,thescatteredleptonsarenot detectedasthey escape
in the DAΦNE beam-pine.In fig.3 the distribution of the four photoninvariantmassis shown;
theresidualbackgroundhasbeenevaluatedaccordingto theexpectedcross-sectionsof thevarious
processes.Work is in progressto checkthebackgroundnormaliationandto extracttheγγ � π0π0

cross-section.
Usingthesamedatatheη mesonproductionhasbeenalsostudiedby selectingthedecaychannel
η � π π
 π0. After thebackgroundsubtractionabout600signaleventshave beenobtained,cor-
respondingto apreliminarycross-sectionσ � e e
 � e e
 η �8�;� 50 � 2 � 6� pb.
The KLOE-2 data-takingwill be mostly at thepeakof theφ resonance,thenthepresenceof the
taggerswill beessentialto suppressthebackgroundandto closethekinematicsof theeventsby de-
tectingthescatteredleptons.A precisionmeasurementof theγγ � π0π0 cross-section,to improve
the presentexperimentalknowledgein the region of Wγγ @ 800 MeV, is planned[2]. Concern-
ing singlepseudoscalarfinal states,the two photondecaywidth of π0 andη canbemeasured,as
well asthetransitionform factor, Fπ0γA γA � q2

1 B q2
2 � , thatis relevantfor thecalculationof thehadronic

light-by-light scatteringcontribution to g � 2 of themuon[8].
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Figure 2: Left: γγ flux function for threedifferentcenterof massenergies. Right: four photoninvariant
massdistribution.

4. Hadronic cross-section

TheStandardModel valueof themuonmagneticanomaly, aµ , is found to differ aboutthree
standarddeviationsfrom theexperimentalvalue[8]. Themainsourceof uncertaintycomesfrom the
hadroniccontribution thatcannotbecalculatedin perturbativeQCD,but canbeevaluated,at lowest
order, via a dispersionrelationusingthemeasuredcrosssectionof e e
M� hadrons.Theregion
below 1 GeV is dominatedby e e
 � π π
 , andcanbestudiedataφ-factory, operatingat fixed

? s, with theInitial StateRadiationmethod.KLOE hasalreadymeasuredthedipion cross-section

4
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for M2
ππ between0.35 and 0.95 GeV2, by using e e
 � π π
 γ eventscollectedat ? s � Mφ

with therequirementthat thephoton(not detected)is emittedat smallpolarangle(ϑ @ 15N ) with
respectto thebeamline[9]. In orderto extendtheM2

ππ rangedown to thedipion threshold,a new
measurementhasbeenperformedby requiringthephotonto bedetectedat largeangle(ϑ @ 50N )
in the KLOE calorimeter[10]. To reducethe large backgroundcomingfrom φ decays,the data
collectedoff-peakat ? s � 1 GeVhave beenanalyzed.In fig.4 thepion form factorextractedfrom
the large anglemeasurementis comparedto the small angleresult. From this measurementan
hadroniccontribution to the muonanomalycanbe evaluated,aµ � 0� 1 � 0� 85 GeV2 �O�P� 478� 5 �
2� 0stat � 4� 8syst � 2� 9theory �6� 10
 10, which confirmsa 3.2standarddeviation discrepancy between
theStandardModelandtheexperimentalvalueof aµ .
At present,work is in progressto obtainin analternative way thepion form factorfrom theratio
of thecross-sectionsR � σ � e e
 � π π
 γ ��� σ � e e
 � µ  µ 
 γ � , insteadof usingtheabsolute
normalizationto Bhabhascatteringevents.

Figure 3: Comparisonof the largeangle(KLOE10) andsmallangle(KLOE08) analyses.Left: pion form
factor. Right: fractionaldifference,thegraybandis thetotal errorfor theKLOE10measurement.
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