
Radiative Phi decays at KLOE

The KLOE Collaboration
�

Presented by Paolo Gauzzi†

Dipartimentodi Fisica,Università degli Studidi Roma“la Sapienza”e INFN Sezionedi Roma,
P.le A.Moro 2, 00185Rome(Italy)
E-mail: Paolo.Gauzzi@roma1.infn.it

We describethe statusof the analysesin progresson light mesonspectroscopy in the KLOE

experiment. We presentthe analysesof φ decaysinto f0
�
980� γ anda0

�
980� γ, the studyof the

Dalitz plot of theη � π� π� π0 andη � 3π0 decays,themeasurementof thebranchingratioof

η � π0γγ, andthemeasurementof theratioBr
�
φ � η � γ ��� Br

�
φ � ηγ � . All thepresentedresults

arebasedonasampleof about450pb� 1 of integratedluminositycollectedduringthe2001-2002

datataking.Fromthe2004-2005datatakinga factor5 improvementin theintegratedluminosity

is expected.
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TheKLOE detectoroperatesat theFrascatie� e� collider DAΦNE , thatworksat thepeakof
the φ(1020)resonance.The resultspresentedherearebasedon datacollectedin the years2001
and2002for anintegratedluminosityof 
 450 pb� 1.

The scalarmesonsf0(980) anda0(980) (JPC=0��� ) arenot easily interpretedasordinaryqq̄
mesons,belongingto the3P0 nonet;alternative hypotheseshavebeenproposed:qq̄qq̄ statesor KK̄
boundstates.Thebranchingratiosof φ � f0γ andφ � a0γ, aswell asthe f0 anda0 massshapes,
aresensitive to thestructureof theseparticles.KLOE hasalreadypublishedanalysesof ηπ0γ and
of π0π0γ final states,basedon adatasampleof about17pb� 1 collectedin year2000[1].

The f0(980) is searchedfor in π0π0γ and π� π� γ final states. e� e� � π0π0γ is selected
by looking for fully neutraleventswith 5 energy depositsin the calorimeter. In fig.1(Left) the
Dalitz plot for theselectedsampleof 1.5� 105 eventsis reported.Thetwo sharpbandscorrespond
to e� e��� ω ��� π0γ � π0, while the structurecloseto the high M2

ππ corneris dueto φ � f0 ���
π0π0 � γ. A fit to theDalitz plot of differentmodelsto extractthe f0 parametersandall therelevant
contribution to theπ0π0γ final state,is in progress.
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Figure 1: (Left) Dalitz plot for e� e��� π0π0γ events. (Center)Mππ spectrumfor e� e��� π� π� γ events. (Right)
Charge asymmetry(A ���N�! θ " 90o #%$ N�& θ ' 90o #)(+* �N�! θ " 90o #-, N�. θ ' 90o #)( ): data(circles) comparedto
MC without (triangles)andwith (squares)f0 contribution.

The searchfor φ � f0 ��� π� π�/� γ is characterizedby the presenceof high rateirreducible
backgroundsdueto theinitial stateradiation(ISR),andto e� e�0� π� π� γ, occuringeitherthrough
theφ or throughtheρ0 tail (final stateradiation,FSR).A further lower ratebackgroundis dueto
thedecaychainφ � ρ 1&��� π1 γ � π1 . SincetheISRcross-sectionis peakedatsmallphotonangles
respectto thebeamline, the f0 eventsaresearchedfor in the large angleregion 45o 2 θ 2 135o.
Fig.1(Center)shows the spectrumobtainedat 3 s 4 Mφ; the bump appearingaround980 MeV
is the f0 signal. Due to the C-odd term comingfrom the interferencebetweenFSRandISR, a
chargeasymmetryis presentin thetwo pionstate(seefig.1(Right)).Thedeviation from theMonte
Carlo (MC) prediction,basedonly on ISR andFSR,is an independentevidenceof the f0 signal.
By adding,following ref.[2], to the MC simulationan f0 amplitude,the data-MCagreementis
recovered.

The a0(980) is searchedfor in e� e� � ηπ0γ final states,selectedthroughthe decaysη �
γγ and η � π� π� π0. In the first casethe final stateis fully neutralwith 5 photonsdetected
in the calorimeter, while in the secondcasealso two charged tracksarepresent. About 23000
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eventshave beenselectedfor thefirst decaychain,andabout5000eventsfor thesecondone.The
preliminarybranchingratioobtainedfrom thetwo channelsare:Br � φ � ηπ0γ �546� 77 25 8 07 15���
10� 5 from η � γγ andBr � φ � ηπ0γ �94:� 77 45 8 07 19�/� 10� 5 from η � π� π� π0. In fig.2, the
two ηπ0 invariantmassspectraarereported.Also in this casea fit to severalmodels,in orderto
extracttherelavanta0(980)parameters,is in progress.
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Figure 2: ηπ0 invariantmassspectrafor theη � γγ (left) andη � π� π� π0 (right) samples.

About 18 millions of η mesonshave beenproducedat DAΦNE during 2001and2002data
taking. This largesamplehasbeenusedby KLOE to studyboththechargedandthefully neutral
decaysof η � 3π. η � π� π� π0 proceedsvia isospinbreakingand and its decayamplitude
at lowest orderchiral perturbationtheory (ChPT) is: A� sR t R u�S4 1

Q2
m2

K
m2

π
m2

π T m2
K

M U sV t V uW
3 X 3F2

0
where

Q2 Y � m2
s T m̂2 ��Z[� m2

d T m2
u � andm̂ 4 1

2 mu \ md . Thusthedecayη � π� π� π0 canbeusedin
orderto determinethequantityQ2. In fig.3(Left) theDalitz plot for morethan1.2millions of events
is shown. ThevariablesX andY aredefinedas:X 4 3 3T] � T̂

Qη
andY 4 3T0

Qη T 1 whereQη 4 mη T
2mπ] T mπ0 andT� , T� , T0 arethe kinetic energiesof the pions. The measureddistribution has
beenfitted to _A� X R Y �`_ 2 4a� 1 \ aY \ bY2 \ cX \ dX2 \ eXY \ fY3 � (seetab.1). As expectedfrom
C conservationthec andeparametersarecompatiblewith zero;moreover asizeablecubictermin
Y hasto betakeninto account.Fromthis result,thevalueQ= 22.88 0.4hasbeenobtained[3], that
seemsto imply aviolationof theDashentheorem.

Figure 3: (Left) TheobservedDalitz plot distribution in η � π� π� π0 events.(Right) 4 photoninvariant
massspectrumfor η � π0γγ.

TheDalitz plot densityfor η � π0π0π0 canbeexpressedin termsof only oneparameterα ,

_A� Z �`_ 2 b 1 \ 2αZ whereZ 4 2
3 ∑3

i c 1
3Ei � mη
mη � 3mπ

2
. A fit hasbeendoneon a high purity (98.5%)

3091/3

P
o
S
(
H
E
P
2
0
0
5
)
0
9
1



RadiativePhi decaysat KLOE Presentedby PaoloGauzzi

Table 1: Resultsof thefit to theη � π� π� π0 Dalitz plot density.
P(χ2) a b c d e f
60% � 1d 0721 0d 006 0 d 1171 0 d 006 0 d 00011 0 d 0029 0 d 0471 0 d 006 � 0 d 0061 0 d 008 0 d 131 0 d 01

1 0 d 007 1 0 d 006
] 0 e 0003^ 0 e 0021 1 0d 005

] 0 e 013^ 0 e 0 1 0 d 02

sampleandtheresultingparameteris α 4 T 07 0138 07 005stat 8 07 004syst , thatcanbecomparedto
thebestcurrentmeasurementα 4 T 07 0318 07 004[4].

Theη � π0γγ decayis a testof theO(p6) ChPTpredictions,sincein thiscasetheO(p2) and
O(p4) termsgive very smallcontributions. KLOE hasperformeda measurementof thebranching
ratio by selectingeventswith only 5 photonsin the final state. The main backgroundprocesses
are: φ � f0γ � π0π0γ, φ � a0γ � ηπ0γ, e� e� � ωπ0 � π0π0γ, and φ � ηγ � π0π0π0γ
(wrongly recontructedas5 photon). In fig.3(Right) the invariantmassof the four lessenergetic
photonsis reported.TheKLOE preliminaryresult,Br � η � π0γγ � =(8.08 2.78 1.4)� 10� 5, is not
in agreementwith thepreviuosmeasurements[5], while is in agreementwith thepredictionsbased
on ChPTO(p6) calculations.

The numberof η f mesonsproducedin 2001-2002datataking is nearly100000. KLOE has
anlyzedthedecaychainsφ � η f γ ; η f � π� π� η ; η � π0 π0π0 andφ � η f γ ; η f � π0 π0 η ;
η � π� π� π0 , in order to measurethe ratio R 4 Γ � φ � η f γ ��Z Γ � φ � ηγ � , that is relatedto
the pseudoscalarmixing anglein theflavor basisandto theη f gluonic content.Thefinal stateis
charachterizedby two charged pions andseven photons,andhasno backgroundwith the same
topology in KLOE. After backgroundsubtractionwe observe 3405 8 61 8 28 φ � η f γ events
(fig.4). We normalizeto the numberof observed η � π0 π0 π0 decaysto obtaina preliminary
measurementof R 4g� 47 76 8 07 08stat 8 07 20syst �9� 10� 3, wherethe systematicerror is dominated
by theknowledgeof theintermediateBR’sof theη f . This resultis in agreementwith ourprevious
estimate[6], basedon adifferentfinal state.

Figure 4: Six photonsandtwo tracksinvariantmass:(Left) all combinations;(Right) η h massspectrumaftercombi-

natorialbackgroundsubtraction.
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