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Abstract. A new approachto theanalysisof threebodydecaysis presented.Measurementsof the
S-wave Kπ amplitudearemadein independentrangesof invariantmassfrom thresholdup to the
upperkinematiclimit in D��� K � π� π� decays.Thesearecomparedwith resultsobtainedfrom
a fit wheretheS-wave is assumedto have κ andK �0 � 1430� resonances.Resultsarealsocompared
with measurementsof K � π� elasticscattering.Contributionsfrom I � 1

2 andI � 3
2 arenot resolved

in this study. If I � 1
2 dominates,however, theWatsontheoremprediction,that thephasebehavour

below Kη 	 thresholdshouldmatchthat in elasticscattering,is not well supportedby thesedata.
Productionof K � π� from theseD decaysis alsostudied.

INTRODUCTION

Decaysof D andB mesonsshow promiseasa sourceof informationon thelight-quark
mesonsthey produce.Theirdecaysto S-wavesystemsin threepseudo-scalarfinal states,
mayhelpto improveourknowledgeof theparticularlyconfusingscalarmeson(JP 
 0� )
spectrum.Until now, extracting suchinformation hasbeendonein model-dependent
ways that make assumptionsabout the scalarstatesobserved that can influencethe
results.With large, cleansamplesof suchdecays,anticipatedto be coming from the
B factoriesandtheTevatroncollider, theneedfor new approachesis apriority.

Knowledgeof strangescalarmesonshasrelied on measurementsof S-wave K � π�
scattering.Thesecomeprincipally from SLAC experimentE135(LASS) [1] andcover
the invariantmassrangeabove 825MeV  c2 . Datafrom otherexperimentsbelow this
rangeexist, but with lessprecision[2]. More measurementsin the low massregion are
requiredif thepossibilityof theexistenceof aκ stateis to beproperlyevaluated.

In this paper, a study of the decays[3] D ��� K � π� π� observed in data from
FermilabexperimentE791is presented.In anearlieranalysis[4] theK � π� S-wavewas
modelledwith Breit-Wigner (BW) amplitudesfor κ andK �0 � 1430� resonances.A less
model-dependentanalysisis presentedhere.S-wave amplitudesaremeasuredwithout
assumingany specificdependenceonK � π� invariantmass,or on thepresenceof scalar
resonances.Resultsarecomparedwith theamplitudefrom ourearlieranalysis,andalso
with measurementsfrom LASS.
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DATA SAMPLE

The selectionprocessfor eventsusedin this paperis describedin Ref. [4]. A signal
consistingof 15,079D � � K � π�a π�b decays,with apurity of � 94%,is obtained.Fig. 1
showstheDalitzplotwith theK � π�a invariantmasssquaredplottedvs.thatfor theK � π�b
system.Horizontal (and symmetrizedvertical) bandscorrespondingto the K � � 892�
resonanceare clearly seen.A complex patternof both constructive and destructive
interferenceis seennear2 (GeV c2 )2 due to presenceof K �0 � 1430� , K �1 � 1410� and
K �2 � 1430� . Evidencefor K �1 � 1680� , difficult to seedue to smearingof the Dalitz plot
boundaryresultingfrom thefinite resolutionin thethree-bodyD � mass,mayalsoexist.
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FIGURE 1. Dalitz plot for D��� K � π�A π�B decays.Thesquaredinvariantmassof oneK � π� combina-
tion is plottedagainsttheothercombination.Theplot is symmetrized,eacheventappearingtwice.Lines
in bothdirectionsindicatevalues,equallyspacedin squaredeffectivemass,at eachof which theS-wave
amplitudeis determinedby themethoddescribedin thetext. Kinematicboundariesfor theDalitz plot are
drawn for three-bodymassvaluesM � 1� 810andM � 1� 890GeV� c2 , betweenwhichdataareselected.

An asymmetryalongtheK � � 892� bands,mosteasilydescribedby interferencewith
a significantS-wave componentto thesedecays,is alsoobserved. Informationon this
S-waveamplitudeis obtainedfrom its interferencewith theK � � 892� , andalsotheother
well-establishedresonancesin theDalitz plot.

METHOD

In Ref. [4], asin mostearlieranalysesof D decaysto threepseudo-scalarparticlesi jk,
theisobarmodel,with BW resonanceforms,is used.Thedecayamplitude� is described
by a sumof quasitwo-bodytermsD � R � k � R � i � j, in eachof thethreechannels
k 
 1� 2� 3:

� 
 d0eiδ0 �
N

∑
n � 1

dneiδn
FR � p � rR � J �

m2
Rn � s � imRnΓRn � s � �

FD � q � rD � J � MJ � p � q � (1)



Thesquaredinvariantmassof thei j systemis s, J is thespin,mRn themassandΓRn � s � the
width of eachof theN resonancesRn seento becontributing to thedecay. For J ! 0, FR

andFD areBlatt-Weisskopf form factors[5], with effective radiusparametersrR andrD,
for all Rn andfor theparentD meson,respectively. For J 
 0,aGaussianform suggested
by Tornqvist[6] is usedfor theD. Themomenta,"p and "q for i andk, respectively, are
definedin the i j rest frame,andMJ � p � q � 
 � � 2pq � PJ � p̂ # q̂ � is introducedto describe
spin conservation in the decay. The complex coefficientsdneiδn � n 
 0� N � dependon
the D decayand are determinedby a fit to the data.The first term describesnon-
resonant(NR) decayto i � j � k with no intermediateresonance,andis assumedto be
independentof s. For D � � K � π�a π�b decayswe Bose-symmetrize� with respectto
interchangeof π�a andπ�b .

In Ref.[4], anexcellentfit to thedatais obtainedwith κ andK �0 � 1430� resonantterms
andtheNR termcomprisingtheJ 
 0 partof Eq.(1).

In this paper, theK � π� S-wave is examinedin a lessmodel-dependentway, outlined
here.A moredetailedaccountis givenin [7].

Termsappearingin Eq. (1) aregroupedaccordingto thevalueof J. TheS-wave part
(all termswith J 
 0, includingtheNR term)is factored

$ 
 S� s � � M0 � p � q � FD � q � rD � 0� (2)

into a partialwave S� s � , describingK � π� scattering,andtheproductM0 � p � q � FD � q � rD �
describingtheD decay. TheP- andD- (J 
 1� 2, respectively) wavesarefactoredin the
sameway:

% 
 P� s � � M1 � p � q � FD � q � rD � 1� ; & 
 D � s � � M2 � p � q � FD � q � rD � 1�'� (3)

with partialwavesP� s � andD � s � consistingof resonanttermsgivenasin Eq. (1). The
S-waveS� s � , however, is replacedby asetof valuesckeiγk definedat40discretesquared
invariantmassess 
 sk. Theseareindicatedby thelinesin Fig. 1. Theck andγk values
areregardedasindependentparametersto bedeterminedby thedata.

An unbinnedlikelihood fit is madeto the data,in a similar way to that described
in Ref. [4]. An incoherentfunction describingthe 6% backgroundin the samplefrom
events that are not true D decaysis addedin proper proportion at eachthree-body
K � π� π� massto asignaldistributionproportionalto ( �)( 2. Thereare86parameters- all

� ck � γk � andthecoefficientsdkeiδk for K � � 892� , K �1 � 1680� in theP-wave andK �2 � 1430�
in theD-wave. For theK � � 892� , dkeiδk 
 1 is usedto provide thereferenceamplitude.

RESULTS AND COMPARISON WITH MODEL-DEPENDENT FIT

This fit alsoresultsin anexcellentdescriptionof thedata.Comparisonof theobserved
andpredictedpopulationof theDalitz plot givesa χ2 probabilityof 50%for 363bins.
TheS-, P- andD-wavesresultingfrom thefit areshown in Fig. 2.

Theseresultsarecomparedwith the model-dependentfit from Ref. [4] which pro-
videdanexcellentdescriptionof theobservedDalitz plot distribution.Partial wavesfor
this fit arealsoshown in Fig. 2. ThemainS-wave featuresof bothfits agreewell. Some



differences,particularlyat thehighestandlowestendsof the invariantmassrange,re-
sult from shiftsin theP- andD-waves.Resonantfractionsandthetotal S-wave fraction
(about75%)alsoagreewell within statisticallimits.
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FIGURE 2. (a) Phasesγk � argS � sk � and(b) magnitudesck �32 S � sk �42 of S-wave amplitudesfor K � π�
systemsfrom D�5� K � π� π� decayswith the amplitudeandphaseof the K � � 892� asreference.Solid
circles,with errorbars,show thevaluesobtainedfrom themodel-independentfit describedin thetext. The
effect of addingsystematicuncertaintiesin quadratureis indicatedby extensionson the error bars.The
magnitudesplottedincludea D� form-factorFD � q 6 rD 6 0 �7� e � 25q28 12. Thephaseandmagnitudeof P(s)
areshown in (c) and(d), respectively. In eachcase,theparametersanderrormatrix from thefit areused
in Eq. (3) to producethesolid curvesshown onestandarddeviation above andbelow thecentralvalues.
Similarplotsfor theD-waveamplitudeD(s) areshown in (e)and(f). In all plots,thedashedcurvesshow
similar, onestandarddeviation limits for theamplitudesobtainedfrom theisobarmodelfit in Ref. [4]. In
(a), (c) and(e), I � 1

2 phasesfor K � π� scatteringmeasuredin the LASS experimentareshown as 9 ’s
with errorbarsindicatingstatisticaluncertainties.

It can be concludedthat, with the presentsamplesize, no significant distinction
betweenthe model-dependentandmodel-independentparametrizationsof the S-wave
canbemade.

A comparisonof the S-wave amplitudesS� s � measuredherewith the amplitudes
T � s � obtainedin K � π� scatteringis now made.For eachpartialwave J (for eachiso-
spinI) it is expectedthatS� s � 
 Q � s � T � s �' FD � q � rD � J �:�<; s  p = J � 1> whereQ � s � describes
the s-dependenceof K � π� productionin D decays.The Watsontheorem[8] requires,
providedthereis no re-scatteringof theK � π�a from π�b , thatQ � s � is a real function,so
thatphasesfoundin D decayshouldmatchthosein K � π� elasticscatteringdata.

I 
 1 2 phasesmeasuredby LASS areplottedin Fig. 2. Thereis a largeoffsetin the
S-wave, about75? , not seenin P- or D-waves.The shapesof S- andP-wavesarealso
not the same.Unlesssignificantadmixtureof I 
 3 2 K � π� productionoccurs,these



resultssuggestthattheconditionsfor theWatsontheoremarenot metin thesedata.
The productionfunction Q � s � is shown in Fig. 3. The scatteringamplitudeT � s � is

assumedto be elastic,T 
 sin� γ � γ0 � . The phaseoffset γ0 is requiredto accountfor
the differencebetweenelasticscatteringandD decay. Thereappearsto be significant
s-dependenceabove � 1@ 2 GeV c2 that grows in the region near1.4 GeV c2 where
γ � γ0
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FIGURE 3. Thequantitiesp � � sk �K9L2 S� sk �42:9 FD � q 6 rD 6 0 �M� sin� γk N γ0 � plottedassolidcirclesfor each
point obtainedfor theS-wave amplitudein themodel-independentfit describedin thetext. Threepoints
between1400and1450MeV � c2 areomittedfrom theplot astheir valuesfor sin� γk N γ0 � areverysmall,
makingtheirerrorsextremelylarge.Theregionbetweenthedashedlinesshowstheonestandarddeviation
limits of this quantityfor theS-wave amplitudeobtainedfrom themodel-dependentfit. Theinsetshows,
assmallopencircles,thequantities2 T0 � s �42O� sin� γ� takenfrom theLASSexperiment.Theelasticrange,up
to Kη 	 threshold,is indicatedby double-headedarrowsin bothplots.
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