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1 Intr oduction

TheKLOE experimentis performedat theFrascati� factoryDA� NE,ane+ e− colliderworking
at

p
s � 1020MeV, correspondingto the � mass. Among otherphysicsgoals,KLOE [1, 2]

performsmeasurementsof � decays,� ′ decays,andthe � masswith goodaccuracy andin the
cleanenvironmenttypical of e+ e− machines.The � is producedthroughthe electromagnetic
decayof the� meson:� ! � 
 .

Theanalysesdescribedherehavebeenperformedusingdatacollectedduringtheyears2001
and2002(450pb−1), correspondingto � 19million � mesons.

2 Measurementof the ratio B r ( � ! � 0
 )=B r ( � ! � 
 )

The ratio of the branchingfractionsR = B r (� ! � ′
 )=Br (� ! � 
 ) is relatedto the � -� ′

mixing angle.Thevalueof thisangleis relatedto thepresenceof a valencegluoncontentin the
� ′ meson[4]. HerewedescribeapreliminaryKLOE measurementof this ratioby usingthe�nal
state� + � −7
 .

The�nal state� + � −7
 canbeproducedin two differentdecaychains

� ! � ′
 ; � ′ ! � + � −� ; � ! 3� 0; � ! � ′
 ; � ′ ! � 0� 0� ; � ! � + � −� 0:

Thefollowing requirementsareusedto isolatesignalevents:

� onetrackvertex in acylinderwith a4 cmradiusanda16cmheightaroundtheinteraction
point;

� seven clustersin thecalorimeterwith time jt � r =cj < 5� t (where� t is thecalorimeter
time resolution)andangle� 
 > 21◦ with respectto thebeamdirection. Theangularcut
is usedto rejectmachinebackgroundthatproducesaccidentalclustersin theregionof the
calorimeterat low angle;

� all theeventsidenti�ed asa K SK L pair arerejected.

A kinematic�t is performedwith energy-momentumconservationimposed,andtheresulting� 2

is usedasaselectionvariable.
At theendof theselectionprocedure3750eventsareidenti�ed. Thebackgroundhasbeen

estimatedusingaMonteCarlosimulationof all physicalprocessesthatcanbeidenti�ed assignal
togetherwith thefull simulationof thedetectorresponse.Themainbackgroundchannelsare

K S ! � + � −; K L ! 3� 0; K S ! � 0� 0; K L ! � + � −� 0;
K S ! � + � −
 ; K L ! 3� 0:

The �rst two processesemulatethe signal if an additionalclusteris present,either from ma-
chinebackgroundor from clustersplitting in the calorimeter. The total numberof estimated
backgroundeventsis 345.Thenumberof signaleventsN signal is then

Nsignal = Nobserv ed � Nestimated background = 3405� 65stat � 28syst :
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The systematicerror comesfrom the variationof the estimatedbackgroundcontribution when
theassumedrateof accidentalclustersin thedetectoris varied.

Thenumberof � ! � 
 decaysis determinedby countingthenumberof � ! 3� 0 decays
(N � →3� 0 = 1665000� 1300). The ratio of the two branchingratios is calculatedusing the
following formula

R =
B r (� ! � ′
 )
B r (� ! � 
 )

=
N (� ′ ! � + � −7
 )

N (� ! 3� 0)
� � →3� 0 B r (� ! 3� 0)

B r charged � charged + B rneutral � neutral
K � ;

where

B r charged = B r (� ′ ! � + � −� ) � B r (� ! 3� 0);
B rneutral = B r (� ′ ! � 0� 0� ) � B r (� ! � + � −� 0):

The factorK � is a correctionto the observeddecayratedueto the interferencebetween� !
� (� ′)
 and � ! � (� ′)
 [3]. The evaluationof the systematicerror is still underre�nement.
Themainsourceof systematicerrorcomesfrom theuncertaintyon the� ′ ! � + � −� and� ′ !
� 0� 0� branchingratios(3%),whichwill bemeasuredwith KLOE usingthedatacollectedin the
years2004and2005[5].

Usingtheexpressionfor R we obtainthepreliminaryresult

R = (4:76� 0:08stat: � 0:20sy st: ) � 10−3 (1)

andthepseudoscalarmixing angle' P = (41:3+2 :0
−0:6)◦, calculatedusingtheproceduredescribed

in Ref.6.

3 Measurementof the branching fraction � ! � 0 
 
 in Ref. 11

The� ! � 0
 
 decayhasbeenmeasuredby severalexperimentsin thepast.Theexperimental
valueof this branchingfraction hasdecreasedwith time, in stepwith the increasein machine
luminositiesandin the availablestatisticsof the � -mesonsamplesproduced,showing that the
mainissuein themeasurementof thisbranchingfractionis thecorrectbackgroundestimate.The
2004Review of ParticlePhysics[7] listsonly themeasurementfrom theGAMS experiment[8],
(7:2 � 1:4) � 10−4. Recently, two moremeasurementshavebeenpublishedby theCrystalBall
collaboration.Thesetwo measurementsaredifferentanalysesof thesamedatasample;they �nd
thevalues(3:5 � 0:7stat: � 0:6sy st: ) � 10−4 [9] and(2:7 � 0:9stat: � 0:5sy st: ) � 10−4 [10].

At KLOE thedecay� ! � 0
 
 proceedsthroughthechain:

� ! 
 � ; � ! � 0
 
 ; � 0 ! 
 
 :

Thereforethereare5
 in the�nal state.Themainbackgroundprocessesare

� ! 
 f 0; f 0 ! � 0� 0; � 0 ! 
 
 ; � ! 
 a0; a0 ! � � 0; � ! 
 
 ; � 0 ! 
 
 ;
e+ e− ! � 0! ; ! ! � 0
 ; � 0 ! 
 
 ; � ! � 
 ; � ! 3� 0; � 0 ! 
 
 :

The compositionof the backgroundin the datasampleis determinedat an early stageof the
analysisat which the signalcontribution is negligible, by �tting the spectrumof the invariant
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Fig.1. (Left): them 
 
 distributionusedto determinethebackgroundcontent;(right): them4
 distribution:
the dotswith error barsshow the data;MC signalandMC backgroundarenormalisedaccordingthe �t
result.

massof all photonpairs(m 
 
 ), asshown in Fig. 1. Furtheranalysiscriteria areusedto reject
backgroundcomingfrom the � ! 3� 0 channelwhenoneor morephotonpairsmerge in the
calorimeter. A likelihoodfunctionhasbeenbuilt to identify mergedclusters.At the last stage
of theanalysis,thespectrumof the invariantmassm4
 is usedto extract thenumberof signal
events. The spectrum,shown in Fig. 1 right, is �tted with the MC expecteddistributions for
signalandbackground.Thenumberof signaleventsis N sig = 68� 23. To extractthebranching
fraction,we have countedthenumberof � ! 3� 0 eventsin thesamedatasample:N � →3� 0 =
2288882. The ef�ciency of the � ! � 0
 
 analysishasbeencomputedby MC, usinga �at
phase-spaceassumptionfor the� 0
 
 dynamics.Theef�ciencies are� � →� 0 
 
 = 4:63� 0:09%
and� � →3� 0 = 0:378� 0:08syst � 0:01stat . Therefore,we canwrite

B r (� ! � 0
 
 )
B r (� ! 3� 0)

=
N (� ! � 0
 
 ) � � � →3� 0

N (� ! 3� 0) � � � →� 0 
 

= (2:43� 0:82) � 10−4: (2)

Usingthevalueof B r (� ! 3� 0) from Ref.7, we obtainthepreliminaryKLOE result

B r (� ! � 0
 
 ) = (8:4 � 2:7stat � 1:4syst ) � 10−5: (3)

Thisvalueis lowerthanthepreviouslypublishedvaluesandit is in agreementwith ChPTpredic-
tionsatorderp6 with theVMD resonancesaturationassumptionfor theL 6 Lagrangian[12,13].
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Fig. 2. (Left): Dalitz plot of the 3
 �nal state. The cut chosento rejectbackgroundis shown, the m 
 


distribution(right).

4 The � massmeasurement

A new � massmeasurementhasrecentlybeenperformedby theGEM collaboration[14]. The
value for the massis 0.5 MeV below that obtainedby NA48 [15], but is in agreementwith
previous � massmeasurements[7]. For this reason,KLOE is performinga new measurement
of the � massusinga completelydifferentapproach.The massis measuredby studyingthe
decay� ! � 
 ; � ! 
 
 . To improve the energy responseof the calorimeter, a kinematic�t
is performedwith constraintsfrom energy-momentumconservation. A cut in the Dalitz plot
of the 3
 �nal stateis performedin order to reducethe background,which is mainly due to
e+ e− ! 
 
 , e+ e− ! e+ e−(
 ), and� ! � 0
 events(Fig. 2, left). A sharppeakat the� mass
is foundwith negligible background(� peak � 2 MeV), asseenin Fig. 2, right.

The2001–2002datasamplehasbeendividedinto 8 periods,eachcorrespondingto about50
pb−1 of collecteddata.In Fig. 3, themeasurementsobtainedin eachof the8 periodsareshown.
The statisticalerror hasbeencomputedby �tting the 8 measurementswith a constant.The �t
givesthevaluem � = 547765� 5stat: keV. Thesystematicerrorhasbeendeterminedby studying
theeffect of energy, time,vertex positionand

p
s miscalibrationon themeasuredvalueof the�

mass.Studyingtheline shapeof the� mesonwe�nd thatthe� massis 110keV below thevalue
reportedby theCMD2 collaboration[16] showing a miscalibrationof our

p
s measurement.We

applya +110keV correctionto the
p

s and,to beconservative,assumeanerrorof 110keV on
this correction. This producesa correctionof +57 keV on the valueof the � mass,giving the
prelimianryresult

m� = 547822� 5stat � 69syst keV: (4)

Therelationbetweenthemeasured� massandthe
p

s is shown in Fig.3 (right). Theindivid-
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ualcontributionsto thesystematicerrorarereportedin Table1. All themeasurementslie within
theestimatedsystematicerrorband.

Asacheckof themethodwehavealsomeasuredthemassof the� 0 usingthedecay� ! � 0
 ,
obtainingm� 0 = 134990� 6stat: � 30sy st: keV, which is fully in agreementwith the value
reportedin Ref.7, mP D G

� 0 = 134976:6 � 0:6 keV.
The preliminary measurementin eq.(4) differs from the NA48 measurement(mN A 48

� =
547843� 30stat: � 41sy st: keV) by only 0.24standarddeviations. It disagreeswith theGEM
measurement(mGE M

� = 547311� 28stat: � 32sy st: keV) by 7 standarddeviations.

Tab. 1. Systematiccontributionsto theerroron the� massmeasurement(preliminary).

Systematicsource error(keV)

Energy calibration 2
Energy abs.scale 3
timeabs.scale 4

vertex positionx,y 27
vertex positionz 5p

s 57

overall 69
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