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•• DD00��KK-- ππ+ + BRBR

•• DDss
++��KK+ + KK-- ππ++ BRBR

•• DD00��KK+ + KK-- ππ00 and Dand D00��ππ+ + ππ-- ππ00 BRBR’’ss

•• Amplitude Analysis of D and DAmplitude Analysis of D and Dss decay:decay:

•• DDss
++��KK++ KK-- ππ++

•• DD00 ��KK++ KK-- ππ00

•• DD00 ��KK00 ππ++ ππ--
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Absolute Branching Fraction of DAbsolute Branching Fraction of D00��KK-- ππ++

Motivation:

• Need to normalize other BBBB(D): (semi)leptonic for 

Vcb, fD measurements

210 fb-1

PreliminaryPreliminary
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BB(D(D00→→KK--ππ++))

Step 1

Partial reconstruction:

B0 →→→→ D*+ X llll- ννννllll

Mνννν
2 = (Ebeam-ED*-Ellll)

2 - (pD*+pllll)
2

(l = µ,e)
D0 ππππs+

B0 →→→→ D*+ llll- νννν (l l l l = µµµµ,e)

D0ππππs+

When Mν
2 peaks near to zero

Request for selectionRequest for selection

2.2M2.2M EventsEvents
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BB(D(D00→→KK--ππ++))

Step 2

Exclusive: D*+→→→→D0ππππs+

K-ππππ+

SignalSignal: 33810 : 33810 ±±±±±±±± 290290

B (D0→→→→K-ππππ+) (%)

BaBar

CLEO-c

PDG 06

= m(D0ππππs+) - m(D0)

)%070.0037.0007.4(
1

N
N

)KD(
)K(

incl

excl
0 ±±±±±±±±====

ζζζζεεεε
====ππππ→→→→

++++−−−− ππππ

++++−−−−
BBBB

D0 reconstruction efficiency = 37%

Selection bias

(3.80 ± 0.07)%

PDG 06

Request for selectionRequest for selection

Same Same ππss
++ of Step 1of Step 1

BaBar Preliminary
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Absolute Branching Fraction of DAbsolute Branching Fraction of Dss
++ ��KK++KK-- ππ++

Motivation:

• Normalization of many decays involving a Ds
+ in the final state

• It is a systematic limitation for some precise measurements: 
CP violation in B0 → D(*)± πm decays 

552.3 fb-1

PreliminaryPreliminary
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BB(D(Dss
++→→KK++KK--ππ++))

DD
s1s
1
--
T
a
g

T
a
g

DD
ss*
+
*
+
T
a
g

T
a
g

ee++ee--→→DDs1s1
--DDss

*+*+

DDss
+  +  γγ

DD* * KK

Request for selectionRequest for selection

ee++ee--→→DDs1s1
--DDss

*+*+

DDss
+  +  γγ

DD** KK
KK++KK--ππ++

N(Ds1
-)/ε(Ds1

-) ~ BBBB(D*)

N(Ds
*+)/ε(Ds

*+) ~ BBBB(Ds
+→K+K -π+)

Request for selectionRequest for selection

Ds1
-→D*0K -

Ds1
-→D*-K 0

s

m(Dm(Dssγγ))

m(Dm(D**K)K)
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BB(D(Dss
++→→KK++KK--ππ++))

∆∆MMrecoilrecoil(D(Dss
*+*+K)=MK)=Mrecoilrecoil(D(Dss

*+*+))--MMrecoilrecoil(D(Dss
*+*+K)K)

2
X

2
Xrecoil P)Es()X(M −−−−−−−−====

DD
s1s
1
--
T
a
g

T
a
g

DD
ss*
+
*
+
T
a
g

T
a
g

Ds1
-→D*-K 0

s

BBBB(Ds
+→→→→K+K-ππππ+) = (4.1±0.4±0.4)%

CLEO: BBBB(Ds→→→→KK ππππ) =(5.57±0.30±0.19)%

PDG 04: BBBB(Ds→→→→KK ππππ) =(4.4±1.2)%

Ds1
-→D*-K 0

s

Ds1
-→D*0K -Ds1

-→D*0K -

∆∆MMrecoilrecoil(D(Ds1s1
-- γγ)=M)=Mrecoilrecoil(D(Ds1s1

--))--MMrecoilrecoil(D(Ds1s1
--γγ))

Belle results are preliminaryBelle results are preliminary
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DD00 ��KK++ KK-- ππ0 0 and and DD00 �� ππ++ ππ-- ππ00 Relative Branching FractionRelative Branching Fraction

Motivation:

• Precision measurement of the branching ratio of 
3-body Cabibbo suppressed decays of D0

• To investigate the anomaly in the branching ratio 
of 2- and 3-body CS decays of D0

232 fb-1 357 fb-1

PreliminaryPreliminary



Charm07, Ithaca, NY August 5Charm07, Ithaca, NY August 5--8, 20078, 2007 Marco Marco PappagalloPappagallo 1010/29/29

DD00→→KK++KK--ππ00, , ππ++ππ--ππ00

Eγ(π0) > 100 MeV

0.115 < M(π0) < 0.160 GeV/c2

ELab(π0) > 0.35 GeV/c

p*(D0) > 2.77 GeV/c

0.1449 < ∆m < 0.1461 GeV/c2

Eγ(π0) > 60 MeV

0.124 < M(π0) < 0.148 GeV/c2

pLab(π0)>0.3 GeV/c

3.5 < p*(D0) < 4.3 GeV/c

0.1442 < ∆m < 0.1468 GeV/c2

Use the Cabibbo favored decay D0→K-π+π0 

as reference for normalization

∆m = m(D0πs
+)-m(D0)
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DD00→→KK++KK--ππ00, , ππ++ππ--ππ00

BBBB(D0→K+K -π0)/BBBB(D0→K -π+π0)

BaBar: (2.37 ± 0.03 ± 0.04)%

BBBB(D0→π+π-π0)/BBBB(D0→K -π+π0)

Belle: (9.71 ± 0.09 ± 0.3)%

BaBar: (10.59 ± 0.06 ± 0.13)%

K -π+π0

K -π+π0 π -π+π0

π -π+π0 K -K+π0

238 k 23 k

506 k 60 k 11 k

PDG 06: (0.95 ± 0.26)%

PDG 06: (8.40 ± 3.11)%

K -π+π0

reflection

K -π+π0 reflection

Belle results are preliminaryBelle results are preliminary
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DD00→→KK++KK--ππ00, , ππ++ππ--ππ00

The decay rate for each mode:The decay rate for each mode:

ΓΓ = |M= |M22||ΦΦ

where: where: 

MM = Decay Matrix Element= Decay Matrix Element

ΦΦ = Phase Space factor= Phase Space factor

Very 
different 
from naive 
expectations

Rougly consistent with Rougly consistent with 

naive expectations, i.e. naive expectations, i.e. 

sinsin22ΘΘcc~0.05~0.05

Naive expectation = 1Naive expectation = 1

Naive picture: CS/CF decays

Suppression is an effect of Cabibbo 
suppression at the quark level

Using the previous 3-body B.R. values:

|M2|(π-π+π0)/|M2|(K -π+π0) =

|M2|(K -K+π0)/|M2|(K -π+π0) = 0.0453 ± 0.0006 ± 0.0008(BaBar)

|M2|(K -K+π0)/|M2|(π-π+π0) = 0.678 ± 0.014 ± 0.021(BaBar)

0.0668 ± 0.0004 ± 0.0008 (BaBar)
0.0613 ± 0.0006 ± 0.0019 (Belle)

Using 2-body B.R. values from PDG:

|M2|(π-π+)/|M2|(K -π+)   = 0.034 ± 0.001

|M2|(K -K+)/|M2|(K -π+) = 0.111 ± 0.002

|M2|(K -K+)/|M2|(π-π+) = 3.53 ± 0.12

~0.05~0.05

~0.05~0.05

~1.~1.
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Amplitude Analysis of D and DAmplitude Analysis of D and Dss decaysdecays
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Isobar model formalismIsobar model formalism

DD00 threethree--body decay Dbody decay D00 ��ABC decaying through an r=[AB] resonanceABC decaying through an r=[AB] resonance

DD00 threethree--body amplitudebody amplitude

),(),( 131201312
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Relativistic Relativistic BreitBreit--WignerWigner

Angular distributionAngular distribution

D D and and r  r  BlattBlatt--WeisskopfWeisskopf form factorsform factors

NR NR termterm(direct(direct 3 body decay)3 body decay)

S. Kopp et al., Phys.Rev.D63:092001,2001 

aa00, , δδ00, , aarr , , δδrr : Free parameters of fit: Free parameters of fit

aa00(980)/f(980)/f00(980)(980)
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DDss
++ ��KK++KK-- ππ++ DalitzDalitz Plot AnalysisPlot Analysis

240 fb-1

Motivation:

• Using Dalitz plot results, we make a precise measurement of the 
branching ratios of the decays Ds

+
→ φφφφ π+ and Ds

+
→K(892)0K+

integrated over the whole phase-space

• The Ds
+
→ φφφφ π+ is frequently used as the Ds

+ reference decay 

mode for measurement of branching ratios.

• The previous analysis(E687) of this Dalitz plot was performed 
with ~700 events

PreliminaryPreliminary
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DDss
++→→KK++KK--ππ++

Clean signal obtained with a likelihood Clean signal obtained with a likelihood 

selection using vertex separation and pselection using vertex separation and p**

KK**(892)(892)00

φφφφφφφφ (1020)(1020)

ff00(1700)(1700)Events used to obtain Bkg shape: Events used to obtain Bkg shape: 
((--1010σσ, , --66σσ) and (6) and (6σσ, 10, 10σσ))

101k events

44σσ
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DDss
++→→KK++KK--ππ++

�� Decay dominated Decay dominated 

by P waveby P wave

�� ff00(980) contribution (980) contribution 

is large but big syst. is large but big syst. 

uncertaincesuncertainces

φφφφ (1020)

K *(892)0

BaBar PreliminaryBaBar Preliminary
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DDss
++→→KK++KK--ππ++

Each event was weighted by the spherical Each event was weighted by the spherical 

harmonicharmonic YY00
ℓℓ(cos (cos θθKKKK) ) andand YY00

ℓℓ(cos (cos θθKKππ)) ((ℓℓ=1,2,3,4)=1,2,3,4)
θθθθθθθθKKππθθθθθθθθKKKK

DDss
++

DDss
++

ππ++

ππ++

KK--

KK++

f0(980)/φφφφ (1020) 
interference

Small S-P 
interference ⇒⇒⇒⇒
No κκκκ(800) ?

B(Ds
+→φφφφ π+)/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
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DD00 ��KK++KK-- ππ00 DP analysisDP analysis

385 fb-1

Motivation:

• Critical for CKM angle γ extraction in B decay: 

ADS method

•What is the nature of Kπ S-wave below 1.4 GeV? 
Is there a charged κκκκ(800)?
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DD00→→KK++KK--ππ00

XDee +→ +−+ *

+
sD π0

0π−+ KK

DD00’’s are required to result from a s are required to result from a 

DD** meson decaymeson decay

γγ

KK**(892)(892)--

KK**(892)(892)++

φφ (1020)(1020)

11k events @ Purity = 98%
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DD00→→KK++KK--ππ00

��LASS parametrization for LASS parametrization for 

Kpi SKpi S--wavewave

�� Kpi SKpi S--wave from E791 as wave from E791 as 

systematicsystematic

��Model with charged Model with charged κκ(800) (800) 

not favoured by datanot favoured by data

m=870m=870±± 30 MeV/c30 MeV/c22

ΓΓ =150 =150 ±± 2020 MeV/cMeV/c22

K *(892)+ K *(892)- φφφφ (1020)
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DD00→→KK++KK--ππ00

rD = 0.599 ±±±± 0.013 ±±±± 0.011
δD = -35.5° ± 1.9° ± 2.2°

rD = 0.52 ±±±± 0.05 ±±±± 0.04
δD = -28° ± 8° ± 11°

CleoCleo--ccBaBarBaBarStrong Phase MeasurementStrong Phase Measurement

Partial Wave Analysis in KPartial Wave Analysis in K++KK--

���� D0→K0K+K-

• D0→K+K-π0

f0 (980)

a0 (980)

φφφφ (1020)














=

=

+=

20
2

0
1

220
0

5

2
4

cos24

4

PY

PSY

PSY

SP

π

φπ

π

���� Model I 
���� Model II

<Y<Y00
00>> <Y<Y11

00>> <Y<Y22
00>>
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DD00 ��KKSS
00 ππ++ ππ-- DP analysisDP analysis

540 fb-1

91.5 fb-1

270 fb-1Isobar ModelIsobar Model
Isobar ModelIsobar Model

Motivation:

• CKM angle γ extraction in B decay

• D0-D0 Mixing

KK--Matrix ModelMatrix Model
PreliminaryPreliminary

PreliminaryPreliminary

PreliminaryPreliminary
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DD00→→KKss
00ππ++ππ--

C
 F

D
 C

 S

Dalitz model:  18 resonances+ non-resonant
101101±±7710501050±±88σσ22

454454±±1212519519±±66σσ11

WidthWidth(MeV/c(MeV/c22))MassMass(MeV/c(MeV/c22))

534K

K *(892)- ρ(770)
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DD00→→KKss
00ππ++ππ-- (Isobar Model)(Isobar Model)

8989±±7710241024±±44σσ’’

406406±±1111490490±±66σσ

WidthWidth(MeV/c(MeV/c22))MassMass(MeV/c(MeV/c22))

Isobar model resonances + Non resonant term

Total fit fraction = 119.5% 

……in this analysis the in this analysis the DalitzDalitz amplitude is only amplitude is only 

a means to extract the CP parametersa means to extract the CP parameters

γγ systematic errors include systematic errors include a fit without a fit without σσ’’ss

Fit requires two additional BW amplitudes butFit requires two additional BW amplitudes but……

DCSDCS

DCSDCS

DCSDCS

390K

K *(892)-

ρ(770)
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{
444 3444 21

wavesDPSK
wavesDP

r
ri

r
r

waveS

D ssAeaFss
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π
ππ

δ

ππ

A

KK--Matrix Model in Matrix Model in ππππ SS--wavewave

KK--Matrix formalism overcomes the main limitation of Matrix formalism overcomes the main limitation of 

the BW model to parameterize large and overlapping the BW model to parameterize large and overlapping 

S S --wave wave ππππ resonances.resonances.

[ ]∑=
j

-1
1j1  i-I jF PKρ

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)

+

+

+           …

0D

−π

+π

0D
+π

−π

π

π

0D

−π

+πK

K

Provided by scattering Provided by scattering 

experimentexperiment

[I-iKρ]1j
-1Pj
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DD00→→KKss
00ππ++ππ-- (K(K--Matrix Model)Matrix Model)

K-Matrix model resonances + ππ S-wave term 

ππ S-wave term

Total fit fraction = 1.16 

DCSDCS

DCSDCS

DCSDCS

Value of Value of χχ2 2 compatible with compatible with nominal model nominal model 
since it is dominate by the Psince it is dominate by the P--wave components,wave components,

which are identical between the two modelwhich are identical between the two model

81K K *(892)-

ρ(770)
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DD00→→KKss
00ππ++ππ--:Summary:Summary

81k @ 91.5 fb-1390k @ 270 fb-1534k @ 540 fb-1

BaBarBelle

S-wave

16.2

6.44.52f0(980)

2.01.62f0(1370)

1.40.60.02K*(1680)-

8.56.15NR

0.90.88σ2

7.69.14σ1

0.30.10.24ρ(1450)
2.72.11.8f2(1270)

0.60.70.63ω(782)

22.321.621.11ρ(770)

------0.04K*(1680)+
------0.13K*(1410)+
0.00.10.13K2

*(1430)+
0.20.00.47K0

*(1430)+
0.70.50.54K*(892)+

0.20.10.48K*(1410)-
3.13.61.33K2

*(1430)-
9.16.77.24K0

*(1430)-
58.958.162.27K*(892)-

Fit Fraction(%)State

K-MatrixIsobar ModelIsobar Model

CKM angle γγ

°°°°±±±±°°°°±±±±°°°°±±±±°°°°====γγγγ 12114192

D0-D0 mixing

)%24.033.0(

)%29.080.0(
06.008.0
08.012.0

10.009.0
14.007.0

++++++++
−−−−−−−−

++++++++
−−−−−−−−

±±±±====

±±±±====

y

x

°°°°±±±±°°°°±±±±°°°°====γγγγ °°°°++++
°°°°−−−− 9353 15

18

How does the Dalitz model 

affect the measurements?
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••

••

••

••

••

••

•• ……

•• ……

SummarySummary

BBBB(Ds
+→φφφφ π+)/BBBB(Ds

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

BBBB(Ds
+→K *(892)0π+)/BBBB(Ds

+→K+K -π+) = 0.487 ± 0.002 ± 0.016

BBBB(Ds
+→→→→K+K -ππππ+) = (4.1±0.4±0.4)%

BBBB(D0→K+K -π0)/BBBB(D0→K -π+π0) = (2.37 ± 0.03 ± 0.04)%

BBBB(D0→→→→K -ππππ+) = (4.007±0.037±0.070)%

BBBB(D0→π+π-π0)/BBBB(D0→K -π+π0) =
(10.59 ± 0.06 ± 0.13)%

(9.71 ± 0.09 ± 0.3)%

rD = 0.599 ±±±± 0.013 ±±±± 0.011

δD = -35.5° ± 1.9° ± 2.2°

Ds
+→→→→K+K -ππππ+, D0→ K+K -π0, D0→K s

0π+π- Dalitz plot analysis

More results are on the way!
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BaBarBaBar and Belle: B and cand Belle: B and c--FactoriesFactories

710 fb-1

458 fb-1
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BB(D(Dss
++→→KK++KK--ππ++))
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BB(D(D00→→KK++KK--ππ00))

BBBB(D0→K+K -π0)/BBBB(D0→K -π+π0)

(2.37 ± 0.03 ± 0.04)%

(0.95 ± 0.26)%

(0.30 ± 0.02)%

Phys.Rev.D74:091102,2006Phys.Rev.D74:091102,2006

BBBB(D0→K+K -π0)

BBBB(D0→K+K -π0)/BBBB(D0→K -π+π0)

(0.14 ± 0.04)%

Phys.Rev.D54:4211,1996Phys.Rev.D54:4211,1996

BBBB(D0→K+K -π0)

150 Events @ 2.7 fb150 Events @ 2.7 fb--11

11k Events @ 232 fb11k Events @ 232 fb--11

hephep--ex/0606045ex/0606045

(0.334 ± 0.004 ± 0.006 ± 0.012)%

BBBB(D0→K+K -π0)

627 Events @ 9.0 fb627 Events @ 9.0 fb--11
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Simultaneous fit to the Simultaneous fit to the ||AA_(m_(m--
22, m, m++

22)|)|22 and and ||AA++(m(m--
22, m, m++

22)|)|22 distributions to determine the CP distributions to determine the CP 

parameters parameters rrBB, , δδBB and and γγ for each decay modefor each decay mode((BB±± →→ DD(*)0(*)0 KK(*)(*)±±).).

Interference occurs when some final state is accessible by both Interference occurs when some final state is accessible by both DD00 and Dand D00

GiriGiri--GrossmanGrossman--SofferSoffer--ZupanZupan: PRD68, 054018 (2003): : PRD68, 054018 (2003): Final state = KFinal state = Kss
00ππ++ππ-- ⇒⇒ DalitzDalitz Plot AnalysisPlot Analysis

DD00��KK00ππ++ππ-- decay & CKM angle decay & CKM angle γγ

γγ can be measured from the interference between decays with can be measured from the interference between decays with bb→→cuscus and and bb→→ucsucs transitionstransitions
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DD00→→ππ++ππ--ππ00
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Observation of DObservation of Ds1s1(2536)(2536)++
→→DD++ππ--KK++


