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DALITZ PLOT ANALYSIS OF D° - K°KtK~ AND D,;
STATES AT BABAR
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Abstract. A Dalitz plot analysis of D° events reconstructed in the hadronic decay
D° — KO9K*+ K~ is presented here. The analysis is based on a data sample of
91.5 fb~1. Herewith enclosed is an updated, preliminary analysis of D, states
using 125 fb~1. All data have been collected with the BABAR detector at the
PEP-II asymmetric-energy et e~ storage rings at SLAC running at center-of-mass
energies on and 40 MeV below the T (4S) resonance.

1 Introduction

Although the BABAR project is mostly known as a B meson factory there is
much more than B physics which can be done at this facility. The copious
production of c¢ pairs from the continuum and high integrated luminosity,
makes BABAR an excellent laboratory where to study the charm production
and decays. In this paper we show results on a the study of D° — KOK+K~
decay [1] and D, states [2].

2 Dalitz plot analysis of D° — KOK+TK—

Dalitz plot analyses are useful in providing new information on resonances that
contribute to three-body final states. They can help to enlighten old puzzles
related to light meson spectroscopy, in particular on the structure of scalar
mesons.

0_, 70 fet 7o~
In order to obtain a measurement of the branching ratio BR = FIE(DD—OJE-(%,

DY —» KOKTK~ and D° — K%t 7~ decays are selected by requiring they
come from a D*T. The result is:

I(D° — KOK+TK™)

BR = _
(DY — KOrtm—)

= (15.8 + 0.1(stat.) + 0.5(syst.)) x 1072,

The Dalitz plot of the D° — K°K*K~ is shown in Fig. 1. We observe a
strong interference between the ¢(1020) and a scalar meson which is identified
as mostly due to the ag(980) resonance. The contribution of ag(980)", in the
right bottom corner, can also be observed. A partial wave analysis in the low
mass KK~ region allows the KK~ scalar (S) and vector components (P)
to be separated solving the following system of equations [3]:
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Figure 1: (Left) Dalitz plot of D — K°K+K~. (Right) Comparison between the scalar
K1TK~ and the K9K* phase space corrected mass distributions.

Vir (YY) = $* + P?

Viar (YY) = 2|S||P|cospsp  VaAr (V) = %PQ

where <YLO> L—0.1,2 A€ the efficiency corrected spherical harmonic moments.
The resulting scalar KTK~ and K°K* phase space corrected mass distri-
butions are shown in Fig. 1 and show a good agreement. This supports the
hypothesis that the fo(980) contribution is small, since f;(980) has isospin zero
and therefore it cannot decay to KOK*.

The KTK~ S and P wave mass spectra, the K°K T mass spectrum and the
phase difference ¢sp have been fitted simultaneously using a coupled channel
Breit Wigner to describe the ao(980). The fit gives a measurement of gz
which describe the ag(980) couplings to the K K system:

g = 464 £ 29 (MeV)'/2,

An unbinned maximum likelihood fit has been performed for the decay
DY — KOK+K~ in order to use the distribution of events in the Dalitz
plot to determine the relative amplitudes and phases of intermediate resonant
and non-resonant states. The results of the Dalitz plot analysis can be sum-
marised as follows (Table 1). a) The decay is dominated by D — K%a(980)°,
D% — K°4(1020) and D° — K~ag(980)*. b) The f5(980) contribution is con-
sistent with zero. ¢) The Double Cabibbo Suppressed contribution is consistent
with zero. d) The remaining contribution is not consistent with being uniform,
but can be described by the tail of a broad resonance, the f,(1400).

A search for CP asymmetries on the Dalitz plot has been performed. We
have observed no statistically relevant asymmetries in fractions, amplitudes, or
phases between D° and D°.



Final state Amplitude Phase(radians) Fraction(%)
K%a0(980)° 1.(fixed) 0. (fixed) 66.4 £ 1.6 + 7.0
I_(O(;ﬁ(lOQO) 0.437 £ 0.006 + 0.060 1.91+0.024+0.10 45.9+0.7+£0.7
K~ap(980)T  0.460 4 0.017 + 0.056 3.59 £0.05 £ 0.20 13.4+1.1+£3.7
KO £,(1400) 0.435 £0.033 £0.162 —2.63+0.10£0.71 3.8+0.7£23

KO £,(980) 0.44+0.2+0.8
K+ap(980)~ 0.840.3+0.8
Sum 130.7 £2.2

Table 1: Results from the Dalitz plot analysis of D¢ — KOK+tK—.

3 D,y states

The unexpected discovery of narrow D,y states [4] [5] has raised new interest
in the study of the charm spectroscopy. Here we report new preliminary results
in the study of these D, states.

3.1 D*;(2317)% and D,;(2460)" states

All the final states explored in this analysis involve one D} candidate decaying
to KT K~ 7t where backgrounds are suppressed by selecting decays to K*0 K+
and ¢,

Dfn? system (Fig. 2). In this selection, a cut on the 7° momentum
(pro > 400 MeV/c) entirely eliminates the D?(2112)* — DF#" signal. Es-
timates of the yield and the mass of the D*;(2317)" are obtained using an
unbinned likelihood fit of the D 7% mass spectrum. A reflection is produced
by the Ds;(2460)" — D?(2112)"7° decay. Due to a kinematic coincidence,
this reflection has a mean mass that is close to the D¥,(2317)*. These is no
evidence of D, ;(2460)" — D70 decay for which we measure a 95% CL upper

limit: Br(D,;(2460)" — DF7)
Br(D,;(2460)* — D¥r07)

D**tx% system (not shown). Estimates of the yield and mass of the
D?,(2317)" are obtained using an unbinned likelihood fit of the D*T7% mass
spectrum. A reflection close to the D,;(2460)% mass is produced by
D, (2317) — D70 decays combined with unassociated v particles.

D:"y system (not shown). There are two clearly visible structures in this
spectrum on top of a gradually falling background distribution. The higher
mass structure corresponds to the Dy ;(2460)" meson. The lower mass struc-
ture is a combination of reflections. The observation of D, ;(2460)* — D},
prevents it from having J¥ = 0%. We measure a branching fraction:

Br(Ds;(2460)" — Df~)
Br(Ds;(2460)* — D m0y)

< 0.11.

= 0.375 4 0.054(stat.) £ 0.057(syst.).
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Figure 2: (Left)The DF 70 and (Right) the DF 7t 7~ invariant mass distributions.

Dfntn~ system (Fig. 2). To form Dfrtn~ candidates, each D] is
combined with 7 and 7~ candidates having a momentum above 250 MeV /c.
We observe two structures which correspond to D ;(2460)" and to D1 (2536)"
respectively. We measure a branching fraction:

Br(Ds;(2460)t — DYntr™)
Br(D,;(2460)" — DF70v)

= 0.082 £ 0.018(stat.) £ 0.011(syst.).

D:‘ﬁi systems (not shown). There is no evidence for isovector partners of
D*,(2317)* in Dfnt and Df 7~ systems [6].

(From this studies, we have obtained new preliminary measurements of the
D ,(2317)% and D, ;(2460)" masses:

m(D%;(2317)F) = 2318.9 4 0.3(stat.) = 0.9(syst.) MeV/c>
m(D?;(2460)) = 2459.4 4 0.3(stat.) = 1.0(syst.) MeV/c>

3.2 D,;(2632)T state

Recently, the SELEX collaboration [7] has reported a narrow state in the Dfn
and D°K ™ mass distributions.

D}n system. After selecting D} — KTK - nt and n — v decays, a
bi-dimensional background subtraction has been performed. The D}n mass
distribution is shown in Fig. 3. There is no evidence for a D,;(2632)T state.

D°K system (Fig. 3). The DK™ mass spectrum has been investigated
using 3.7 x 10 D° — K~nt decays. There is no evidence for structure in the
2.632 GeV/c? mass region.

D*t K9 system (Fig. 3). The D** K? mass spectrum has been investigated
using the D** — D%+ and K? — 77~ decay modes. The large, narrow peak
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Figure 3: (Left) The DY n invariant mass distribution after background subtraction. (Mid-

dle) The D°K™ invariant mass distribution. The shaded histogram is the invariant mass

distribution of wrong sign D K~ combinations. (Right) The distribution of the difference in

invariant mass of the D** K9 combination and D** candidate. The vertical lines indicate
the mass location of the expected D, ;(2632)% state.

just above the threshold results from the production of the Dy;(2536)". There
is no evidence for production of Dy;(2632)T state.

Acknowledgments

The author is grateful for the extraordinary contributions of our PEP-II col-
leagues in achieving the excellent luminosity and machine conditions that have
made this work possible. The collaborating institutions wish to thank SLAC
for its support and kind hospitality. This work is supported by DOE and NSF
(USA), NSERC (Canada), IHEP (China), CEA and CNRS-IN2P3 (France),
BMBF and DFG (Germany), INFN (Italy), FOM (The Netherlands), NFR
(Norway), MIST (Russia), and PPARC (United Kingdom). Individuals have
received support from CONACyT (Mexico), the A. P. Sloan Foundation, the
Research Corporation, and the Alexander von Humboldt Foundation.

References

[1] BABAR Colaboration, B.Aubert et al., Phys.Rev. D 72, 052008 (2005).
2] BABAR Colaboration, B.Aubert et al., hep-ex/0408067

BABAR Colaboration, B.Aubert et al., hep-ex/0408087.

S.U. Chung, Phys.Rev. D 56, 7299 (1997).

BaBAR Collaboration, B.Aubert et al., Phys.Rev.Lett. 90, 242001 (2003)
BaBAR Collaboration, B.Aubert et al., Phys.Rev. D 69, 031101 (2004).
CLEO Collaboration, D. Besson et al., Phys.Rev. D 68, 032002 (2003).
T. Barnes, F.E. Close, H.J. Lipkin, Phys.Rev. D 68, 054006 (2003).
SELEX Collaboration, A.V.Evdokimov et al., Phys. Rev.Lett. 93, 242001.

EES

ENENET!




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


