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 2 Observables
From four vectors             12
Conservation laws             -4
Final state particle masses     -3
Free rotation in decay plane  -3
Σ                           2

 Usual choice
Invariant mass squared m2

12

Invariant mass squared m2
13

π2

D0

π1

3-Particle Phase Space3-Particle Phase Space

DD00→π→π--ππ++ππ00 Dalitz plot

    mm  ((ππ++ππ00) ) ∝∝  coscosθθ

Dalitz plot provides information
about two-body amplitude structure.

θθ==ππ θθ=0=0ρρ++

{ π1 ,  , π2,,  π3 }  } == {  { ππ++, , ππ00, , ππ- }- }

θθ

mm
22 ((ππ

++ ππ
–– ))

mm22
ππ++ππ00 +  + mm22

ππ--ππ00 +  + mm22
ππ++ππ-- = =

π3

mm22
ππ++ +  + mm22

ππ-- +  + mm22
ππ0 0 + + mm22

DD00
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  Isobar Model FormalismIsobar Model Formalism

 three-body decay D three-body decay D→→ABC decaying through an [ rABC decaying through an [ r→→AB ] resonanceAB ] 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  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)
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 Introducing Angular Distributions Introducing Angular Distributions
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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 these

relations.

Schrödinger‘s Equation

Angular Amplitude

Dynamic Amplitude
(BW, Flatte, S-wave)

In case only  l = 0 (S-wave) and 1 (P-wave)In case only  l = 0 (S-wave) and 1 (P-wave)  amplitudes are present :amplitudes are present :
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DD00→→KK––KK++ππ0 0 Dalitz Dalitz Plot AnalysisPlot Analysis

--    Nature of KNature of Kππ S-wave S-wave
below 1.4 below 1.4 GeVGeV..
--    Is there a charged Is there a charged κκ state? state?
- Nature of f- Nature of f00/a/a00 (980): KK (980): KK
S-wave.S-wave.

MotivationMotivationInterference among three types of singly
Cabibbo-suppressed amplitudes

(I)(I) (II)(II)

(III)(III)

Color-suppressedColor-suppressed D0
π+

soft

π0

γ

γ

K-

K+ 

XDee +!
+"+ *

DD00 decay reconstruction decay reconstruction

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

Events used
for bg shape

±1σ region:
≈ 11 k events,
purity ≈ 98 %

K*K*--

K*K*++

φφ  (1020)(1020)

mm
22
(K(K

++
ππ

00
) 

(G
eV

) 
(G

eV
22
/c/c

44 ))

mm22(K(K--ππ00) (GeV) (GeV22/c/c44))

Define amplitude for the DDefine amplitude for the D00→→KK--KK++ππ00 decay as: decay as:

Dalitz Dalitz plot intensity plot intensity ∝∝ | f | | f |22

  

385 fb-1

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

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

EventEvent  SelectionSelection

Approx. isolatedApprox. isolated

can can attmptattmpt
          model model indind..
                  analysis.analysis.

KK--KK++ c channel;hannel;



Kalanand MishraKalanand MishraHadron07, Frascati, October 8-13Hadron07, Frascati, October 8-13 77/17/17

 K Kππ and K and K++KK--  SS-wave Amplitudes-wave Amplitudes

- 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 valuessignificantly different from the values
reportedreported  for for κκ00..
- - κκ  with E-791with E-791 parameters  parameters does notdoes not
give a satisfactory fit.give a satisfactory fit.

Use LASS amplitude for nominal fit andUse LASS amplitude for nominal fit and
E-791E-791  amplitudeamplitude for  for systsyst.  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 eachvirtually indistinguishable from each
other.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.

  

KKππ invariant  invariant mass range available inmass range available in
DD00→→KK––KK++ππ00 decay. decay.

——

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

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

LASSLASS

E791E791
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 Fit Results for  Fit Results for DD00→→KK--KK++ππ0 0 Dalitz PlotDalitz Plot

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)..

      

χχ2 2 Prob Prob = 62 %= 62 % χχ2 2 Prob Prob ==  48 %48 %

K*(892)+ K*(892)- φ(1020)
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 Partial Wave Analysis in K Partial Wave Analysis in K--KK++ channel channel

ff00(980)(980)
S-S-wavewave    as in Das in D00→→KK--KK++KK00..

Solve these equations toSolve these equations to
extract |S|, |P|, and extract |S|, |P|, and cos cos θθSPSP..

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

    

  

    
aa00(980)(980)

DataData
DataData

φφ  (1020)(1020)

Breit-WignerBreit-Wigner
phase for P-wave,phase for P-wave,
φφ(1020)(1020)

__

Look into the distributions of the spherical harmonicLook into the distributions of the spherical harmonic

 functions  functions                                                                           ((ll=0=0,1,2,,1,2,……..)...).
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••      DataData
ΟΟ  Model-I  Model-I
ΔΔ   Model-II   Model-II

[ in the region where the K[ in the region where the Kππ cross-channels have cross-channels have  llittle effect ]ittle effect ]  

ImposeImpose

Choose the solution withChoose the solution with
increasing S-wave phaseincreasing S-wave phase
          ((Wigner Wigner causality)causality)

⇒⇒
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•  Three I =1 particles in the final state
•  Gives rise to a rich interference structure
•  The three ρ regions are clearly enhanced in the
DP, and ρ-ρ destructive interference is evident

ρ−ρ destructive interference

KS veto

Dalitz Dalitz PlotPlot  Analysis of Analysis of DD00→→ππ––ππ++ππ00

Events
used
for bkg
shape

±1σ region:
≈ 45000
events

ρρ++

ρρ––

ρρ00

Motivation: CKM angle γ  using B±D[D[ππ––ππ++ππ00] K] K±
232 fb-1

TheThe  3 destructively interfering 3 destructively interfering ρπρπ
amplitudes suggest an amplitudes suggest an II = 0,  = 0, ΔΔII
= 1/2 dominated final state.= 1/2 dominated final state.
C. C. ZemachZemach, Phys. Rev. 133, B1201 (1964)., Phys. Rev. 133, B1201 (1964).

hep-ex hep-ex / 0703037/ 0703037

purity ≈ 98 %
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 Fit Results for  Fit Results for DD00→→ππ––ππ++ππ0 0 Dalitz Dalitz PlotPlot

ρρ++ : :  68 %68 %
ρρ––  :  :  35 %35 %
ρρ0 0  : :  26 %26 %

Small contributions fromSmall contributions from
higher higher ρρ, f, f00, f, f22 and  and σσ states states

(400, 600)(400, 600)

ρ(770)+

mm22((ππ++ππ00) (GeV) (GeV22/c/c44))

ρ(770)–

mm22((ππ––ππ00) (GeV) (GeV22/c/c44))

ρ(770)0

mm22((ππ––ππ++) (GeV) (GeV22/c/c44))

KKSS veto veto

BaBar
BaBar

Prelim
inary

Prelim
inary
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DD00  KKSS
00ππ++ππ––  Dalitz Dalitz Plot analysisPlot analysis

270 fb-1Motivation: CKM angle γ  using B→D[KS
0π+π–]K–;  D D mixing

390K K*(892)-

ρ(770)

mm22(K(Kss
00ππ--))

mm22(K(Kss
00ππ++)) mm22((ππ++ππ--))

K*(892)+

DCSDCS

  ——
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DD00→K→Kss
00ππ++ππ-- (Isobar Model) Fit (Isobar Model) Fit

DCSDCS

DCSDCS

DCSDCS

(490, 406)(490, 406)

(1024, 89)(1024, 89)

Important for Important for γγ
and D-mixingand D-mixing
measurementsmeasurements

KK*(892)*(892)–– : 58 % : 58 %
ρρ(770)(770)0 0 ::  22 %22 %
Non-Res.: 8 %Non-Res.: 8 %
σσ  (500)(500)::  8 %8 %
K*(1430)K*(1430)–– : :  7 %7 %
ff00(980)(980): 6 %: 6 %

←←

hep-ex hep-ex / 0607104/ 0607104

PreliminaryPreliminary
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K-Matrix Model in K-Matrix Model in ππππ  SS-wave-wave

K-Matrix formalism overcomes the main limitation ofK-Matrix formalism overcomes the main limitation of
the BW model to parameterize large and overlappingthe BW model to parameterize large and overlapping
S S -wave -wave ππππ resonances. resonances.

[ ]!=
j

-1

1j1  i-I jF PKñ

Initial production vectorInitial production vector

5 channels: 1=ππ 2=KK 3=multi-meson 4= ηη 5= ηη´
V.V. Anisovitch, A.V Sarantev Eur. Phys. Jour. A16, 229 (2003)

DD00→→KK00ππ++ππ--  amplitudeamplitude

I.J.R. Aitchison, Nucl. Phys. A189, 417 (1972)

+

+

+           …

0
D

!"

+!

0
D

+!

!"

!

!

0
D

!"

+!K

K

Provided by scatteringProvided by scattering
experimentexperiment

[I-iKn]1j
-1Pj

Fit for Fit for ββ11, , ββ22, , ββ44, and f, and f1111 in this analysis. in this analysis.  
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P-vector  for
 ππ S-wave
term

DCSDCS

DCSDCS

DCSDCS

DD00→K→Kss
00ππ++ππ-- (K-Matrix Model) Fit (K-Matrix Model) Fit

These valuesThese values
areare
consistentconsistent
with thewith the
onesones
obtainedobtained
from thefrom the
Isobar ModelIsobar Model
fit.fit.

hep-ex/0507101hep-ex/0507101

92 fb-1

PreliminaryPreliminary
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DDss
++→K→K++KK--ππ++  Dalitz Dalitz Plot AnalysisPlot Analysis

KK**(892)(892)00

φφ(1020)(1020)

Precise measurement of BR of Ds
+→ φ π+ and Ds

+→K*(892)0K+. The Ds
+ → φπ+ is

frequently used as Ds
+ reference decay mode for measurement of BRs.

240 fb-1

PreliminaryPreliminary

B(Ds
+→φπ+)/B(Ds

+→K+K-π+)             = 0.379 ± 0.002 ± 0.018

B(Ds
+→K*(892)0π+)/B(Ds

+→K+K-π+) = 0.487 ± 0.002 ± 0.016

0.396 ± 0.033 ± 0.047

0.478 ± 0.046 ± 0.040

PDG 06PDG 06BaBar PreliminaryBaBar Preliminary

——

——

Obtained fromObtained from
Dalitz Dalitz plot analysisplot analysis
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DDss
++→K→K++KK--ππ+ + DP Fit ResultsDP Fit Results

 Decay dominated Decay dominated
by P waveby P wave

 f f00(980)(980)
contribution is largecontribution is large
but big syst.but big syst.
uncertaincesuncertainces

φ(1020)

K*(892)0

BaBar PreliminaryBaBar Preliminary KK*(892)*(892)00 : :  49 %49 %
φφ(1020)(1020)  ::  38 %38 %
ff00(980)(980)::  35 %35 %
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••  Precision measurementPrecision measurement  of the amplitude structure of Dof the amplitude structure of D00→→KK––KK++ππ00

Dalitz Dalitz plot; also measure Kplot; also measure K++KK––  SS-wave amplitude in a model--wave amplitude in a model-
independent wayindependent way  upto upto ~ 1.02~ 1.02––1.03 GeV/c1.03 GeV/c22..

            —— No evidence for charged  No evidence for charged κκ states. states.

••  Dalitz Dalitz plot analysis of plot analysis of DD00→π→π––ππ++ππ00  gives information on the gives information on the ρπρπ
amplitude contributions to the final state.amplitude contributions to the final state.

•• Rich resonant structure Rich resonant structure  of of DD00→→KKSS
00  ππ––ππ++  Dalitz Dalitz plot investigated in twoplot investigated in two

different ways; adifferent ways; a  consistent and satisfactoryconsistent and satisfactory  parameterizationparameterization  of theof the
amplitudes accomplished.amplitudes accomplished.

••  Dalitz Dalitz plot analysis of the decay plot analysis of the decay DDss
++→→KK++KK––ππ++  performed; preciseperformed; precise

branching ratio information on the branching ratio information on the φπφπ++ and K* and K*00KK++ decays obtained. decays obtained.

••  Some of these analyses will benefit from higher statistics; weSome of these analyses will benefit from higher statistics; we  willwill
update them as our data size grows.update them as our data size grows.

SummarySummary

End of Talk ! Thank You !End of Talk ! Thank You !

——
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BaBarBaBar: B and charm Factory: B and charm Factory

Cherenkov Detector
     144 quartz bars
    K, π, p separation

Electromagnetic Calorimeter
6580 CsI crystals

e+ ID, π0 and γ reco

Drift Chamber
40 layers

tracking + dE/dx

Instrumented Flux
Return

  12-18 layers of RPC/LST
μ ID

Silicon Vertex Tracker
5 layers (double-sided Si strips)
vertexing + tracking (+ dE/dx)

e+ [3.1 GeV]

e- [9 GeV]

1.5T Magnet
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Kaon/Pion Kaon/Pion Discrimination:Discrimination:  DIRCDIRC

Cherenkov angle vs.  momentum
for pions and kaons

LAYOUT

>4 σ separation
at 3 GeV/c
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DD00→→ππ--ππ++ππ00, K, K--KK++ππ00  

DD00→→hh--hh++ππ00 Reconstruction Reconstruction
  h- and h+ tracks are fit to a vertex
  Mass of π0 candidate is constrained
     to mπ0   at  h-h+ vertex
 PCM ( D0 )   >  2.77 GeV/c

    D* Reconstruction
 D*+ candidate is made by fitting the  D0 and the πs

+  to a vertex
constrained in x and y to the measured beam-spot for the run.
 |mD* - m D0 - 145.5| < 0.6 MeV/c2

 Vertex  χ2  probability > 0.01
 Choose a single best candidate with smallest χ2  for the whole decay
chain ( multiplicity = 1.03 ).

Background Sources
 Charged track combinatoric
 Mis-reconstructed π0

 Real D0, fake πs
 Kππ0 reflection in πππ0 
     and KKπ0 modes
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 KK KKππ00: : Strong-phase Diff. & Amp. RatioStrong-phase Diff. & Amp. Ratio

 The strong phase difference δD and relative amplitude rD between the
decays of D0 and D0 to K*(892)+ K- state are defined, neglecting direct
CP violation in D decays, by the equation:

 We find

These measurements are consistent withThese measurements are consistent with  each other.each other.

Phys. Rev. D74, 031108 (2006)Phys. Rev. D74, 031108 (2006)Phys. Rev. D76, 011102  (2007)Phys. Rev. D76, 011102  (2007)

__

rD = 0.599 ± 0.013 (stat) ± 0.011 (syst)
δD = -35.5° (stat) ± 1.9° ± 2.2° (syst)

rD = 0.52 ± 0.05 (stat) ± 0.04 (syst)
δD = -28° ± 8° (stat) ± 11°(syst)

CLEOCLEOBaBarBaBar
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– 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 has only been reported in
the neutral state.

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

KKKKππ00: : KKππ  S-wave ParametrizationS-wave Parametrization

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

- K-π+ amplitude from a model-independent analysis of D+→K-π+π+ data by
the E791 collaboration.
- [ coherent sum of κ(800) + uniform NR + K*0(1430) ].

- - 808000

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

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

    

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

••      E-791E-791
        LASSLASS

Normalized toNormalized to
arbitrary scale forarbitrary scale for
m m > 1.15 Gev/c> 1.15 Gev/c2 2 forfor
easy  comparison.easy  comparison.
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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
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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 system in a limited
mass range (where the above conditions are satisfied) tomass range (where the above conditions are satisfied) to
extract |S|, |P|, and extract |S|, |P|, and cos cos φφSPSP..
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 Partial Wave Analysis in K Partial Wave Analysis in K--KK++ channel channel

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

ff00(980)(980)

KK S-KK S-wavewave amplitude, extracted in a amplitude, extracted in a
model independent analysis of themodel independent analysis of the
decay Ddecay D00→→KK--KK++KK00..

Phys. Rev. D 72,Phys. Rev. D 72,    052008 (2005)052008 (2005)

Two solutions for Two solutions for θθSPSP  ⇒⇒
upper one is the physicalupper one is the physical

Solve the equations on the previousSolve the equations on the previous
slide to extract |S|, |P|, and slide 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)

Breit-WignerBreit-Wigner
phase for P-phase for P-
wave, wave, φφ(1020)(1020)

––
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Large interference between S  andLarge interference between S  and    PP  waves.waves.
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 & fit.

  

DD00→→ππ––ππ++ππ00: Angular Moments: Angular Moments



Kalanand MishraKalanand MishraHadron07, Frascati, October 8-13Hadron07, Frascati, October 8-13 3030/17/17

B+

b

u

u

u

c
s K+

D0

B+ b
u

c
u

s
u

D0

K+

γ
b→u

b→c

π+π−π0

•  Based on GGSZ method of PRD68, 054018, so far used only with D→KSπ+π−

•  Goal: add modes for maximum γ precision

A±(s+,s−) = fD(s+,s−) + rBei(δ±γ) fD(s−,s+)

Dalitz plot variables

B±→Dπππ0K± amplitude D0→πππ0 amplitude D0→πππ0 amplitude

 Extraction of  Extraction of γγ  : Basic Idea: Basic Idea
Atwood et al., PRL78, 3257 (1997)
Giri et al., PRD68,054018 (2003)

 δB is strong phase diff. of A(B-

D0K-) and A(B- D0K-)
 Unknowns: rB, δB and γ



Kalanand MishraKalanand MishraHadron07, Frascati, October 8-13Hadron07, Frascati, October 8-13 3131/17/17

Extraction of γ with BD0K

• D0/D0 decay to common final
state

• The interference depends on Vub
and therefore on γ

• Critical parameter: ratio of
amplitudes:

• Select the D0 decays that
enhance the interference:
o 3-body (e.g. KSππ): Dalitz
o CP-eigen. (e.g. KSπ0): GLW
o DCS (e.g. D0K+π-): ADS

+
f

fVub

color 
allowed

color 
suppressed

1.0~
)(

)(
0

0

!!

!!

"

"
#

KDBA

KDBA
r
B
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K-Matrix for K-Matrix for ππππ  SS-wave-wave

  

  

))
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±2σ sig.
region:
≈ 100850
events,
purity
≈ 95 %

DDss
++→→KK++KK--ππ++

m = 1969.0± 0.1
MeV/c2

σ = 5.8 MeV/c2

Data Sample = 240 fb-1
  Signal events reconstructedSignal events reconstructed
from two from two kaon kaon and a and a pionpion
charged tracks fitted to acharged tracks fitted to a
common vertex, with common vertex, with χχ22>0.1 %.>0.1 %.

 Background from D* Background from D*++→→
DD00[K[K++KK--] ] ππ++ removed by removed by
requiringrequiring  m(Km(K++KK--)<1.85 GeV/c)<1.85 GeV/c22..

 Removed K Removed K--ππ++
mismisππ++ reflection reflection

by requiring m(Kby requiring m(K--ππ++
mismisππ++) - m(K) - m(K--

ππ++
mismis) > 0.15 GeV/c) > 0.15 GeV/c22..

  Average event reconstructionAverage event reconstruction
efficiency ~ 30 %.efficiency ~ 30 %.

Events used to obtain Bkg shape:
(-10σ, -6σ) and (6σ, 10σ).

BABARBABAR
  prelim.prelim.
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DDss
++→K→K++KK--ππ++  Angular MomentsAngular Moments

Each event was weighted by the sphericalEach event was weighted by the spherical
harmonicharmonic  YY00ℓℓ(cos (cos θθKKKK) ) andand  YY00ℓℓ(cos (cos θθKKππ))
((ℓℓ=1,2,3,4)=1,2,3,4)

θθKKππθθKKKK

DDss
++

DDss
++

ππ++

ππ++

KK--

KK++

f0(980)/φ(1020)
interference

Small S-P
interference ⇒

No k(800) ?


