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Kaon physics at KLOE and KLOE-2 prospects
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The KLOE experimenthasmeasuredmost of the decaybranchingfractions(BR) of KS, KL

andK
�

mesons,providing precisionresultson the CKM parameterVus, andthe mostsensitive

unitarity testof the quark flavor mixing matrix. We arepresentlyfinalizing i) the analysisof

theBR(K
���

π
�

π
�

π � ) thatcompletesthemeasurementsof thekaondominantBR’s,andii) the

updateof theupperlimit ontheBR( KS

�
3π0), publishedin year2005.Theneutralkaonsystem

offerstheuniqueopportunityto performtestsof CPTinvarianceandquantummechanics(QM).

In particular, a new analysisof theKLOE datais in progressto testCPTandLorentzsymmetries

in theframework of theStandard-ModelExtension(SME),exploiting theEPRcorrelationin the

neutralkaonpairsproducedat theφ -factory. I reporton theongoinganalysesandpoint out the

prospectsfor further improvementsin sensitivity on kaonphysicswith theKLOE-2 experiment,

thathasbeenapprovedto integrateof orderof 20/fbwith anupgradeddetector.
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1. Vus

KLOE hasproducedthemostcomprehensive setof resultsfrom asingleexperiment[1], mea-
suringthemainBRsof KL, K

�
, andKS (uniqueto KLOE), includingsemileptonicandtwo-body

decays;lifetime measurementsfor KL, KS [2] and K
�

; form factor slopesfrom the analysisof
KLe3 andKLµ3. Thesedatatogetherwith the valueof

	
Vus

	 
�	
Vud

	
from the measurementof the

K
��

µ
�

ν � γ � branchingratio and the extractionof
	
Vud

	
from superallowed nuclearβ decays,

providethebasisfor testingtheunitarityof thequark-flavor mixing matrix. To extract
	
Vus

	��
f ��� 0�

we usetheSU � 2� -breakingandlong-distanceEM correctionsto theradiation-inclusive decayrate
[3]. Themeasuredvaluesof

	
Vus

	��
f � � 0� from thefivesemileptonicdecaymodesagreewell within

theerrorsandaverageto
	
Vus

	��
f � � 0� = 0.2157� 0� 0006,with χ2 
 ndf � 7� 0
 4 (Prob=13%).The

0.28%accuracy of thisresulthasto becomparedwith the0.23%of theworld average
	
Vus

	��
f ��� 0�

= 0� 2166� 0� 0005[4]. Using the determinationof
	
Vus

	��
f � � 0� from Kl3 decaysand the value

f � � 0��� 0� 964� 5� from [5], we get
	
Vus

	 � 0� 2237� 13� . Furthermore,a measurementof
	
Vus

	 
�	
Vud

	
hasbeenobtainedfrom the comparisonof the radiation-inclusive decayratesof K

� �
µ
�

ν � γ �
and π

� �
µ
�

ν � γ � , combinedwith lattice calculationof fK



fπ [6]. Using BR� K � �
µ
�

ν ���
0� 6366� 17� from KLOE [7] andthelatticeresult fK



fπ � 1� 189� 7� from theHP/UKQCD’07 [8],

we obtain
	
Vus

	 
�	
Vud

	 � 0� 2323� 15� . This valuehasbeenusedin a fit togetherwith themeasure-
mentsof

	
Vus

	
from Kl3 decaysand

	
Vud

	 � 0� 97418� 26� [9] from superallowed nuclearβ decays.
Theresultis

	
Vud

	 � 0� 97417� 26� and
	
Vus

	 � 0� 2249� 10� , from whichCKM unitarity is confirmed
through∆CKM � 1 ��� 	Vud

	 2 � 	
Vus

	 2 � 	
Vub

	 2 ��� 4� 7� � 10 4. Thesensitivity of thequark–lepton
universality test is competitive with the measurementsfrom τ decaysand from the electroweak
precisiontests[10]. TheKLOE-2 experimentandtheupgradeof theKLOE apparatus[11] with the
γγ taggersystem,the inner tracker basedon theC-GEM technology, andthecalorimetersat low
polarangle,have beenapprovedfor integrating,in year2012-2015,20/fbatDAφNE thatis adopt-
ing a new craib-waist beaminteractionschemeto increasethe luminosity to ! 5

�
1032cm 2s 1.

KLOE-2 cansignificantlyimprove theaccuracy on themeasurementof KL, K
�

lifetimesandKSe3
branchingratio with respectto presentworld average[12], reducingthe 0.23%fractionaluncer-
tainty on

	
Vus

	��
f � � 0� to onepermil level. LatticeQCD simulationshave recentlymadetremen-

dousprogressandin near-termtheaccuracy on f � � 0� couldreachtheexperimentalsensitivity on	
Vus

	"�
f � � 0� . At that level, the precisiontestof CKM unitarity, σ � ∆CKM �#� 2 � 3

�
10 4, will

belimited by theaccuracy on
	
Vud

	
presentlyat 0.026%[13] anddominatedby theuncertaintyon

radiative corrections.

2. K $&% π $ π $ π '
TheBR(K

� � π � π � π  ) wasobtainedwith 4%relative precisionandanew measurementat
0.5%level hasan impacton thesemileptonicdecays(thuson

	
Vus

	(�
f ��� 0� ) andon theππ scat-

tering lengthsfrom theK
� �

π
�

π0π0 cuspanalysis.Theongoingstudyof theK
� � π � π � π  

decayis basedon i) the selectionof K
�

candidates(taggingprocedure)by the identificationof
K  � π  π0 andK  � µ  ν samples,independentlytreated;ii) thereconstructionof theK

�
path

from the kinematicalconstraintsgiven by the K  momentumandφ momentum(from Bhabha–
scatteringevents); ii) the backward extrapolationof any charged track not belongingto the K  

2
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decaychain;iii) thereconstructionof thetrackclosest-approachpoint (CAi) andclosest-approach
distance(CAdi) to theK

�
path;iv) theselectionof eventswith atleasttwo trackswith CAdi ) 3 cm

andCAi outsidethe drift chamber(DC) (for a bettercontrol of systematicsfrom taggingproce-
dure); v) the measurementof the missing–massdistribution, M2

miss = ∆2 EK *  ππ - |∆ PK *  ππ
	 2.

The taggingprocedureaffectstheselectionefficiency of theK
� � π � π � π  sampleintroducing

a bias(tag–bias)on theBR measurementthathasbeenevaluatedby MonteCarlosimulationand
controlledby thecomparisonof the two taggingchannels.A furthercontrolof the tag–biasis in
progress,by the selectionof a third taggingsamplebasedon the K  identificationthroughthe
dE/dxmeasurementin theDC. Theselectionefficiency of theK

� � π � π � π  sample( ! 7%) is
obtainedfrom the studyof a control sampleof K

� � π  X. A fit to the missing–massdistribu-
tion with theMonteCarloshapesfor signalandresidualbackgrounds(1% level of contamination
by otherdecaysalmostuniformly distributed in theM2

miss rangeof interest)is usedfor the event
counting.Fromthepreliminaryanalysisof a subsampleof 174/pbwe obtaineda relative erroron
theabsoluteBR of 0.6%thatwearecheckingto assessthevariouscontributions.

3. KS % π0π0π0

TheCP-violatingtransitionKS

�
π0π0π0 is expectedwith aBR of 1.70(2)

�
10 9. KLOE has

obtainedtheupperlimit BR(KS

�
3π0) ) 1� 2 � 10 7 at 90%C.L. usinga sampleof 450/pb[14].

The main backgroundsourceis given by incorrectlyreconstructedKS

�
π0π0 decays,whenthe

photon-energy depositin the calorimeteris reconstructedassplit clusters,or additionalphotons
from machinebackgroundareassignedto theKS decay. Theresult,a factorof tenbetterthanthe
previousupperlimit, hasallowedKLOE to increasethesensitivity on theCP andCPT parameters
usingtheunitarycondition(Bell-Steinbergerrelation)asexplainedin Ref. [15]. Sincethen,further
improvementson theclusteringprocedureto recover erroneously-splitphotonclustersareproven
to reducecontaminationby a factor of six while leaving the signal efficiency unaffected. The
ongoinganalysisproceedsthroughi) the selectionof KS candidatesby the identificationof KL

interactionsin the calorimeterrequiringan energy release∆EK>129 MeV and0.196<βK<0.250;
ii) the selectionof eventswith six promptneutralclusters(not connectedto any track in the DC
and with times compatiblewith the hypothesisof photonsfrom the interactionregion); iii) the
χ2

evt evaluationwith themeasurementsof theposition,energy andtimeof eachphotonconstrained
by total energy-momentumconservation: the eventswith χ2

evt>35 arerejected;iv) theevaluation
of χ2

3π and χ2
2π with the measurementsof the position, energy and time of eachphotonin the

hypothesisof KS

�
3π0, andKS

�
2π0 plus two additionalclustersfrom machinebackground,

respectively. Thecandidatesarethosewith χ2
3π ) 4.6and12) χ2

2π ) 60; v) therejectionof events
that in the secondhypothesisat point iv have a total energy Etot2π >(510 MeV - 1.7σE); vi) the
evaluationof theminimaldistanceamongphotonclustersin theevent,keepingascandidatesthose
with Rmin>65cm. Theselectionefficiency is obtainedfrom MonteCarlosimulation,ε3π = 0.19(1).
Fromtheselectedsampleat point i) theKS

�
2π0 eventsarealsoidentified(ε2π = 0.660(3))and

usedasnormalizationfor the BR(KS

�
3π0) measurement.No candidatesurvives the analysis

selection,and9.0
�

107 KS

�
2π0 decaysarefound in the taggedsample.Thepreliminaryresult

for theupperlimit, on 1.7/fbof integratedluminosity, is BR(KS

�
3π0)< 2.910 8 at 90%C.L., a

factorof 4 betterthantheprevious KLOE result. Studiesarein progressto evaluatethe increase
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in acceptanceat KLOE-2, from the installationof thecrystalcalorimetersat low angle[12], and
the improvementin taggingefficiency from theadditionof KL decaysamples.This is important,
togetherwith thebackgroundsuppressionobtainedby theongoinganalysis,in theperspective of a
first evidenceof theprocessatKLOE-2.

4. QM and CPT test with neutral kaon interferometry

Severaltestsof QM andCPTinvariancehave beenperformedatKLOE, wheretimeevolution
of the neutralkaonpairs is sensitive to decoherencephenomena,and to the breakdown of CPT
symmetrydealtwith in thestandardLorentz–symmetry–violating Extensionof theStandardModel
(SME)[12]. Thefirst evidenceof theinterferencehasbeenobtainedin year2006.Sincethen,more
datahave beenanalyzedandimprovementsin theanalysisprocedureshave broughttheresultson
decoherenceandCPT-violatingparameterspresentedin Ref.[16]. An analysisof the
KS KL

�
π � π  π � π  final stateis in progressto improve on theSME parameters,throughthe

measurementof thedecayamplitudeasa functionof thedelaybetweenkaondecays,ordered
accordingto thequadrantin thecelestialcoordinateframe.Thereconstructionof eventsin the
region ∆t ! 0 is crucialfor theprecisionmeasurementof theinterferencetermandtheinner
tracker, thatis beingconstructedfor theKLOE-2 experiment,will improve theresolutionfrom
σ∆t ! τS to ! 0� 3τS, andthesensitivity to mostof theQM andCPTtestsby a factorof 2. The
physicsreachon kaoninterferometryatKLOE-2, up to a factorof tenbetterthanpresentdata,is
summarizedin [12].
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