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Amplitude Analysis of the Decay DAmplitude Analysis of the Decay D00→→KK--KK++ππ00

--    Nature of KNature of Kππ S-wave below S-wave below
1.4 1.4 GeVGeV..

--    Is there a charged Is there a charged κκ state  ? state  ?

--    Extract informationExtract information  usefuluseful
forfor  determination ofdetermination of  the CKMthe CKM
phase phase γγ  from the decay Bfrom the decay B--→→
DD00[[→→KK--KK++ππ00] K] K--    ::

     s     strong phase difference &trong phase difference &
          amplitude ratio for Damplitude ratio for D0 0 andand
            DD00 decays to  decays to K*K*(892)(892)++KK--..

--    Nature of fNature of f00/a/a00 (980): KK S- (980): KK S-
wave.wave.

MotivationMotivationInterference between three types of singly
Cabibbo-suppressed amplitudes

__
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Dalitz Dalitz Plot for DPlot for D00→→KK--KK++ππ00

Events used
to obtain bkg
shape

±1σ region:
≈ 11000 events,
purity ≈ 98 %

Phys. Rev. D74, 091102 (2006)Phys. Rev. D74, 091102 (2006)

EventEvent  SelectionSelection

PCM ( D0) > 2.77 GeV/c
|mD* - m D0 - 145.5|
 < 0.6 MeV/c2

K*K*--

K*K*++

φφ  (1020)(1020)
Data Sample  385 fb-1
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Define amplitude for the DDefine amplitude for the D00→→KK--KK++ππ00 decay as: decay as:

PDF for signal events = | f |PDF for signal events = | f |22
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  Isobar Model FormalismIsobar Model Formalism

 three-body decay D three-body decay D→→ABC decaying through an r=[AB] resonanceABC decaying through an r=[AB] resonance

D decay three-body amplitudeD decay three-body amplitude ),(),( 131201312
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Relativistic Relativistic Breit-WignerBreit-Wigner

Angular distributionAngular distribution

D D and and r  r  Blatt-WeisskopfBlatt-Weisskopf  form factorsform factors

NR termNR term(direct 3 body decay)(direct 3 body decay)aa00, , δδ00, , aarr, , δδrr  : Free parameters of fit: Free parameters of fit

ff00(980)(980)

1 1

1
2

2

3 3 3

{12} {13} {23}
1

2

3
2

NRNR

  (( aa00(980)(980)



APS 07, Jacksonville,  April 14, 2007APS 07, Jacksonville,  April 14, 2007 Kalanand MishraKalanand Mishra 55/11/11

– Kπ S-wave in mass range 0.6–1.4 GeV/c2 is not well-understood.

– A possible κ state ~ 800 MeV/c2 has been conjectured, but this has only been
reported in the neutral state.

– For the K+π0 and K-π0 S-wave amplitudes, we try three models:

I=1/2  KI=1/2  Kππ  S-wave ParameterizationS-wave Parameterization

- Amplitude obtained from LASS  K-π+→ K-π+ scattering.

- K-π+ amplitude extracted from a model-independent partial-wave   analysis of
  D+→K-π+π+ decay by the E791 collaboration.

- [ coherent sum of κ(800) + uniform NR + K*0(1430) ].

Normalized toNormalized to
arbitrary scale forarbitrary scale for
m(Km(Kππ)>1.15 Gev/c)>1.15 Gev/c22

for easy  comparison.for easy  comparison.

- - 808000

NuclNucl. Phys. B296, 493 (1988); . Phys. B296, 493 (1988);   

  {No evidence in K{No evidence in Kππ elastic elastic  scattering.}scattering.}

Phys. Rev. D73, 032004 (2006);Phys. Rev. D73, 032004 (2006);

••      E-791E-791
        LASSLASS
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Use LASS amplitude
for Kπ S-wave in the

nominal fits.

 Fit Results Fit Results

- The LASS amplitude gives the best fit- The LASS amplitude gives the best fit..
-- E-791 fit worse at low mass. E-791 fit worse at low mass.
--  κκ  model model yieldsyields

            massmass      870 870 ± 30± 30    MeV/cMeV/c22

            widthwidth      150 ± 20150 ± 20    MeV/cMeV/c22

significantly different from the values reportedsignificantly different from the values reported  for for κκ00..
- - κκ  with E-791with E-791 parameters  parameters does not give a satisfactory fit.does not give a satisfactory fit.

Use the fit model withUse the fit model with
E-791 E-791 KKππ S-wave S-wave  forfor
systematicsystematic
uncertainty.uncertainty.

For KFor Kππ S-wave S-wave  

For KFor K--KK++ S-wave S-wave  

--  ff00(980) and a(980) and a00(980)(980)  virtually indistinguishable from each other.virtually indistinguishable from each other.
-- Both f Both f00(980) and a(980) and a00(980) give satisfactory fits.(980) give satisfactory fits.

Since they are so
similar, we try each as

a description of  the
KK S-wave amplitude.
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 Fit Results Fit Results
KK*+*+  : 45 %: 45 %
KK*-*-    : 16 %: 16 %
φφ        : 19 %: 19 %
ff00/a/a00: 7-10%: 7-10%

Ambiguity between aAmbiguity between a
large Klarge K++ππ00 S-wave S-wave & &
K*(1410),fK*(1410),f22’’(1525)(1525)..

      

Continued Continued ……..

χχ2 2 Prob Prob = 62 %= 62 % χχ2 2 Prob Prob ==  48 %48 %
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 Strong Phase Difference & Amplitude Ratio Strong Phase Difference & Amplitude Ratio

 The strong phase difference δD and relative amplitude rD between the
decays D0→K*-K+ and D0→K*+K- are defined, neglecting direct CP
violation in D0 decays, by the equation:

                  rD eiδD   =  [aK*-K+/ aK*+K-]  exp[ i(δK*-K+  - δK*-K+) ]

 We find
                     δD =  -35.5o ± 1.9o (stat) ± 2.2o (syst)
                     rD =  0.599 ± 0.013 (stat) ± 0.011 (syst).

These measurements are consistent with the previous measurement by CLEO:These measurements are consistent with the previous measurement by CLEO:

  δD =  -28o ± 8o (stat) ± 2.9o (exp sys) ± 10.6o (model sys)
  rD = 0.52 ± 0.05 (stat) ± 0.02 (exp sys) ± 0.04 (model sys).

Phys. Rev. D74, 031108 (2006)Phys. Rev. D74, 031108 (2006)

To be submitted toTo be submitted to  Phys. Rev. D (RC)Phys. Rev. D (RC)
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 Analysis of Angular Moments Analysis of Angular Moments

Large interference between S  andLarge interference between S  and    PP  waves.waves.

Higher moments above 1.1 Higher moments above 1.1 GeV GeV are coming from cross channels.are coming from cross channels.

Each eventEach event  is weighted by the spherical harmonicis weighted by the spherical harmonic

 functions  functions                                                                           ((ll=0=0,1,2,,1,2,……..)...).

Excellent agreement between data & models.
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% For S- and P- waves only, in the absence of cross-feeds from other
channels, the amplitudes and the relative phase are given by:

0.6 0.6       0.8  0.8      11       1.2 1.2        1.41.4 0.6 0.6       0.8  0.8      11       1.2 1.2        1.41.4     1             1                             1.51.5
  

    1             1                         1.51.5

mm22(K(K++ππ00) (GeV) (GeV22/c/c44)) mm22(K(K--KK++) (GeV) (GeV22/c/c44))mm22(K(K++ππ00) (GeV) (GeV22/c/c44)) mm22(K(K--KK++) (GeV) (GeV22/c/c44))

We solve these equations for the KWe solve these equations for the K--KK++ system in a limited mass range (where system in a limited mass range (where
the above conditions are satisfied) to extract |S|, |P|, and the above conditions are satisfied) to extract |S|, |P|, and cos cos φφSPSP..
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 Moments Analysis in K Moments Analysis in K--KK++ channel channel

••      DataData
ΟΟ  Model-I  Model-I
ΔΔ   Model-II   Model-II

ff00(980)(980)

KK S-wave amplitude, extracted in a modelKK S-wave amplitude, extracted in a model
independent analysis of the decay Dindependent analysis of the decay D00→→KK--KK++KK00..

Phys. Rev. D72,Phys. Rev. D72,    052008 (2005)052008 (2005)

Two solutions for Two solutions for θθSPSP  ⇒⇒  thethe
upperupper  one is the physical.one is the physical.

Breit-Wigner Breit-Wigner phasephase
for P-wave, for P-wave, φφ(1020)(1020)

Solve the equations on the previous slideSolve the equations on the previous slide
to extract |S|, |P|, and to extract |S|, |P|, and cos cos θθSPSP..

Because of the interference from the
crossing Kπ channels, the model
independent partial-wave analysis
performed here is valid only up to
about 1.02 - 1.03 GeV/c2.

––

  

    

  

    aa00(980)(980)

DataData DataData

φφ  (1020)(1020)
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 Determine resonant structure of the singly Cabibbo-suppressed
decay: D0→K-K+π0 and measure δD & rD  ⇒ useful for measurements
of γ and D0 mixing.

 D0→K*(892)+K- dominates over D0→K*(892)-K+ ⇒ at tree-level, D0

coupling to K*- is suppressed w.r.t.  K- coupling.

 Kππ S-wave amplitudes are consistent with LASS results.

 No evidence for charged, scalar κ(800) states.

 K-K+ S-wave amplitude is consistent with f0/a0(980).
 No evidence for higher f0 states.

 Perform a model-independent partial-wave analysis of the spherical
harmonic moments of the cos θH in the K+K- system in a limited mass
range around 1 GeV/c2.

 Summary Summary



Back up slides
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    Kπ S-wave amplitude is described by the coherent sum of an effective
range term and the K*0(1430) resonance:

                      S(s) =  (√ s/ p). sinΔ . eiΔ

  Δ  =  cot-1 [ 1/ap + rp/2 ]     +   cot -1 [ (m2
R-s)/(mR ΓR ) ]

        Effective Range (NR) term            K*0(1430) resonance term

  a = scat. length, r = eff. range,  mR = mass of K*0(1430), ΓR= width
  p = momentum of either daughter in the Kπ rest frame.

For Kπ scattering, S-wave is elastic up to Kη' threshold (1.45 GeV).

Phase
space
 factor

LASSLASS  KKππ  S-wave ParameterizationS-wave Parameterization
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 Divide m2(K-π+) into slices

 Find s–wave amplitude in each slice (two parameters)
 Use remainder of Dalitz plot as an interferometer

 For s-wave:

- Interpolate between (ck,γk).

 Model P and D waves.

[ E791 Collaboration,  slide from Brian Meadow’s Moriond 2005 talk ]

S  (“partial wave”)

KKππ  S-wave from S-wave from DD00→→KK--ππ++ππ++ DP DP

Phys. Rev. D73, 032004 (2006);Phys. Rev. D73, 032004 (2006);  hep-ex/0507099hep-ex/0507099


