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Outline

• Theoretical motivations.
– Extract (and exploit) strong interaction dynamics.

• Dalitz analysis of multibody hadronic final
states
– Results from B-factories (BaBar)

• D+  + + 

• D0  0 +, 0 + , 0 + .

• Ds  + +

– For Belle results see talk on D-mixing

– Results from the charm threshold (CLEO-c)
• D+  + +, D0  0 +

Latest results available 
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Light meson spectroscopy

• Scalar mesons, unknown beasts!

– Too many to fit into a single qq nonet

» Which nature ? Multiquark ?
Meson-meson buond states ?

– Large width,
experimentally difficult to resolve

No 

With 

E791 D+ + - +

f0(600) or

 low mass + - S-wave 

 is required.

Different parametrization

 FOCUS: K-matrix; 

E791:Rel.Breit-Wigner (BW)
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 a0/f0(980) mesons

• Non-strange and strange content in f0(980) and a0(980)

• They lie on the KK threshold

– Resonance shape affected

» Flatte’s parametrization used:

 large errors on the  couplings!!

• Analysis of D0  K+K-K0 can help!



FPCP 2007 G.Cavoto 5

An example: tetraquarks?
– 2 diquark bound state decay to 2 mesons

• Inverted mass spectrum predicted!

» Is there a (800) as well ?

» What is the K*0(1430) ?

L.Maiani et al., Phys.Rev.Lett. 93 (2004) 212002



FPCP 2007 G.Cavoto 6

   S-wave and CKM  extraction

D0 decay amplitude is an input for B decay amplitude description

It’s crucial to parametrize S-wave  correctly !

 D0  Ks
+ - has a rich dynamics

        Big  and   S-wave

Pictorial view of  decay rate of B- D0 K- with D0 KS + -
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B-factory and charm factory

– D meson decays

» Large coupling to scalar mesons

» Initial state always JP = 0-

» Isospin and parity violation possible

• B-factories are producing cc events too

• CLEO-c

– Run on threshold!

– Quantum-coherence  

 Pure C = -1

 No additional

particles

 Low multiplicity
 Clean  recon.

e+ e-D
D

eff (bb) =1.1 nb eff cc( ) =1.3 nb

(3770) DD

Run 1-5: more than 500M 

cc events

281 pb-1

 @ (3770)
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Dalitz amplitudes

• Isobar models



FPCP 2007 G.Cavoto 9

D+  + - + (CLEO-c)
• L=281 pb-1 @ (3770)

• Untagged analysis

• Signal box for DP
– | E|<2

– |mBC-mD|< 2

• Bkg boxes for DP
– | E±|<2

– 5 <|mBC-mD|<9

DP Statistics:
N( + +) ~2600 ev.

N(Ks
+) ~2240 ev.

Nback ~ 2150 ev.

6991 on DP

Signal
~2600 ev.

D+ + +

D+ K0
S

+ 

mBC = Ebeam
2 pD

2

E = ED Ebeam
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Nominal fit

Leading fractions

 shown  on

projections

Signal 

PDF only

[KS removed]

 data Dalitz

distribution
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CLEO-c  D+ + - + Results

<2.023±581.0±1.1f0(1790) +

<3.5-17±900.17±0.14Non-

resonant

<3.723±580.17±0.14I=2 + +

S-wave

<3.5-17±901.0±1.5f0(1710) +

<2.451±220.9±0.5 (1450) +

3.4±1.0±0.8-44±13±161.1±0.3±0.2f0(1500) +

2.6±1.8±0.6-21±15±141.3±0.4±0.2f0(1370) +

18.2±2.6±0.7237±6±32.1±0.2±0.1f2(1270) +

4.1±0.9±0.312±10±51.4±0.2±0.2f0(980) +

-3±4±2

0

Phase

(degrees)

Fit ValuesMode

Fit Fraction (%)Relative

Amplitude

20.0±2.3±0.91.0(770) +

41.8±1.4±2.53.7±0.3±0.2 pole

Limits on Other Contributing Modes

 Consistency with E791 

 E791 BW   Fit Fraction 

 (46.3±9.0±2.1)%

  pole provides

 a good description of the DP
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 hep-ex/0704.3954

PoleA s( ) =
1

s sA
,

s = (0.47 i0.22)2GeV 2
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Dalitz analysis Ds
+ K-K+

Vertex separation

and p*

requirements

100850 events

95% purity

Partial Wave analysis (S-wave extraction)
Measurement of  and   fit fraction

K*(892)

(1020)

(1020)

K*(892)

240 fb-1
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Angular moments

 Very small

S-P interference.
No (800) ?

 f0(980)

interference

Helicity angle H

H
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Ds
+ K-K+ Dalitz results

– Decay dominated by P-wave

– Large f0(980) contribution
• But big syst. uncertainty (different model used)

BaBar preliminary
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Partial Wave Analysis D0 K0K+K-

– In low K+K- mass (no interference with a0
+)

 a0(980) KK coupling:

Phase space corrected
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Full Dalitz D0 K0K+K- results

– Big contribution of a0(980)

neutral and charged

– DCS and f0(980)

consistent with zero

 a0(980) KK coupling:
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A possible interpretation.

–  f0(980) as  2 di-quark bound states

• Coupling to KSKS would vanish!

– Decay ratio would  be 1/2 for qq interpretation

L.Maiani et al. hep-ph/0703272

Prediction for rate of

S-wave in Ds 
0 +

S

Prediction for rate of

S-wave in D0
S S S

 BaBar 

data
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D0 K-K+ 0

1)   Critical for CKM  extraction
 in B decay:    ADS method 

0 *

0 *

( )

( )
Di

D

A D K K
r e

A D K K

+

+
=

2) What’s the nature of the

      S-wave below 1.4 GeV ?

 scattering: LASS parametrization

K*(892)+

K*(892)

(1020)

f2(1525)

f0(980)

BaBar

rDe
i D =

a
K *K +

a
K *K

 

 
 

 

 
 e

i
K*K + K*K( )[ ]
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CLEO-c D0  K-K+ 0 result

36.0±3.7220±55.62±0.45NR

14.9±1.6326±90.64 ±0.04+

12.3±2.2332±8±1

1

0.52±0.05±0.0

4

+

0

Phase

(degrees)

Fit ValuesMode

Fit Fraction

(%)

Relative

Amplitude

46.1±3.11.0+

Read off the values from the DP fit

rD= 0.52±0.05±0.04

D = (332±8±11)o 

 First measurement of D.

 Significant improvement on rD over

    previous value using K*K BF’s

K*+

K*-

K*+

Phys. Rev. D 74, 031108(R) (2006)
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Analysis of angular moments

Significantly large

interference between

S and P waves.

S-wave  shape in

agreement with

D0 K0K+K-
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BaBar D0  K+K- 0 results

Using LASS parametrization for  S-wave

  S-wave from E791 as systematics

 hep-ex/0704.3593 (sub.to PRD)

 Model with charged  

  m=(870±30)MeV/c2 =(150±20)MeV/c2

 not favoured by data (and parameter different from  neutral scalar )
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Towards CKM : D0  KS
+ -  

  f(  Input from Dalitz analysis

(assumption on the model: systematic error on )

B- D0(*) - with D0  KS
+ -  
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Dalitz analysis D0  KS
+ -

    S-wave contains  and ’   

–  :  m=(490±6)MeV/c2 =(406±11)MeV/c2

–  ’: m=(1024±4)MeV/c2 =(89±7)MeV/c2

Isobar model resonance  + Non resonant terrm

Total  119.5% 
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K-matrix for 



FPCP 2007 G.Cavoto 25

K-matrix fit

  S-wave

   S-wave

 with K-matrix

 parametrization

Cabibbo 

Allowed 

 modes

Doubly Cabibbo

Suppressed

 modes

Total fit fraction 116% 

BaBar  hep-ex/0607104
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B- D0(*) - model error on 

Evaluating model uncertainty

• Alternative parametrization for  S-wave

(BW model and K-matrix model)

• Alternative parametrization for  S-wave

(BW E791 and LASS parametrization)

  and  S-wave the  most critical

BaBar  hep-ex/0607104

= (92 ± 41(stat) ±11(syst) ±12(model)
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CP-tagged Dalitz D0  KS
+ - plots

The (3770) has positive CP

Daughter D0 mesons have opposite CP (P-wave decay)
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Model independence

Measure ci to reduce model systematic on 
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Impact of CLEO-c
D.Asner talk  at Flavour at LHC WS

   error vs. DCP statistics
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Conclusion & Outlook
• Charm multi-body decays crucial to

determine strong interaction bound states

– Nature of light mesons resonances still uncertain

• More information from comparison of several channels

– Multi-channel analyses can be the way to go.

• Interplay with B physics

– Determine strong phase variation useful to extract
CKM angle 

– Quantum-coherent states crucial to reduce model error on phase
variation
(DD sample at threshold - CP-tagged Dalitz plot )

Current statistical WA  error on  (1ab-1 stat.) : ±19°

SuperB-factory  25 ab-1  :  stat. error ±4°

  BES-III               20 fb-1 : syst. error  ±1°

A super-flavour factory the way to go !!!
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Back-up
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Different parametrizations

Understand S-wave in  (relatively) clear enviroment

Extend parametrization to more involved decays

FOCUS: K-matrix approach
  - No need for a , employed a ( ) S-wave to describe data

Although not entirely clear this is 

correct:

“… the K-matix approach employed in 

Ref [5] does not meet the chiral requirements

of a soft expansion for low energies…” 

[J. Oller, PRD71 054030]

BESII- J/ +

Described via

a complex pole
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Flatte’s formula
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Contributing resonances
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D0 selection and flavour tagging
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D0 K0K+K- : fit to PW
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I=1/2  S-wave
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