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Introduction: Introduction: UnitarityUnitarity triangletriangle
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UnitarityUnitarity requirementrequirement::

ββ is measured with a highis measured with a high accuracy (~1º) ataccuracy (~1º) at BB--factoriesfactories..
αα and and γγ are more challenging angles to measure.  are more challenging angles to measure.  
Measurement of all the angles needed to testMeasurement of all the angles needed to test SM.SM.

λ = λ = 0.22350.2235±±0.00330.0033
AA == 0.810.81±±0.08 0.08 
||ρρ--iiηη| | == 0.360.36±±0.090.09
||11--ρρ--iiηη| | = = 0.790.79±±0.190.19
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Introduction: BIntroduction: B++→→ DD00KK++ DecayDecay

Several methods to measure weak angle Several methods to measure weak angle φφ33 utilizing Butilizing B-->DK decays have>DK decays have
been proposed:been proposed:

M. M. GronauGronau and D. London, PLB 253, 483 (1991); and D. London, PLB 253, 483 (1991); 
M. M. GronauGronau and D. and D. WylerWyler,  PLB 265, 172 (1991).,  PLB 265, 172 (1991).

D. Atwood, I. D. Atwood, I. DunietzDunietz and A. and A. SoniSoni, PRL 78,   3357 (1997);, PRL 78,   3357 (1997);
PRD 63, 036005 (2001).PRD 63, 036005 (2001).

A. A. GiriGiri, Yu. Grossman, A. , Yu. Grossman, A. SofferSoffer, J. , J. ZupanZupan, PRD 68, 054018 (2003)., PRD 68, 054018 (2003).

• GLWGLW (D(D00-->K>K++KK--, , ππ++ππ-- ... [CP ... [CP eigenstateseigenstates] )] )

• ADSADS (D(D00-->K>K--ππ++, , KK--ππ++ππ00 ……))

• GGSZGGSZ (D(D00-->K>KSSππ++ππ-- …… [common multi[common multi--body modes]body modes]))

3*
1 ~~ λAVV uscbA 3~)3*

2
φη i

csub ei(ρ~AλV~V −−A
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Introduction: GLW MethodIntroduction: GLW Method
DD--meson decays to CP meson decays to CP eigenstateseigenstates ((DDCPCP).).
CPCP--eveneven : : DD11 →→KK++KK––, , ππ+ + ππ ––

CPCP--odd      odd      : : DD22 →→ KKS S ππ00, , KKS S ωω, , KKS S φφ, , KKSSηη……
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Introduction: GLW MethodIntroduction: GLW Method

Belle (253 fbBelle (253 fb--11)  )  hephep--ex/0601032ex/0601032 BaBarBaBar (211 fb(211 fb--11) ) hephep--ex/0512067ex/0512067

0.90±0.12±0.04 0.35±0.13±0.04

-0.06±0.13±0.030.86±0.10±0.05

B→ D1K 1.13±0.16±0.05 0.06±0.14±0.05

B→ D2K 1.17±0.14±0.14 -0.12±0.14±0.05

AR RA

GLW analysis alone GLW analysis alone does not constrain does not constrain γγ significantlysignificantly yet, butyet, but
•• can be combined with other measurementscan be combined with other measurements

•• provide information on provide information on rrBB

The relevant (total) branching fractions are of the order of fewThe relevant (total) branching fractions are of the order of few x 10x 10--66

larger statistics is required to perform a measurement (esplarger statistics is required to perform a measurement (especially     )ecially     )A

][*

*

×≈ suppcolor 
uscb

csub

VV
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Introduction: Introduction: rrBB

][*

*

×≈ suppcolor 
uscb

csub

VV

VV

≈≈0.380.38

NaNaïïve estimation of the color suppression factor gives 1/3ve estimation of the color suppression factor gives 1/3

Factorization and experimental  information on the bFactorization and experimental  information on the b-->c transition>c transition
give   give   [color supp.] [color supp.] ≈≈ 0.220.22 rrBB ≈≈ 0.09.0.09.

Recent  measurements  of the  color suppressed BRecent  measurements  of the  color suppressed B-->D>D(*)(*)hh00 suggestsuggest
that  color suppression  might be not  that  effective and that  color suppression  might be not  that  effective and rrBB couldcould
be as large as 0.2.be as large as 0.2.

rrBB ~ 0.1 ~ 0.1 –– 0.20.2
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Introduction: ADS methodIntroduction: ADS method
BB––→→ DD00KK–– -- color allowedcolor allowed

DD00→→KK++ππ–– -- doublydoubly CabibboCabibbo--suppressedsuppressed
BB––→→ DD00KK–– -- color suppressedcolor suppressed

DD00→→KK++ππ–– -- CabibboCabibbo--allowedallowed

Observables:Observables:

Ratios:Ratios:

2 2 equationsequations, , 3 unknowns3 unknowns
With one more D decay channel addedWith one more D decay channel added::

4 4 equationsequations, 4, 4 unknownsunknowns
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Introduction: ADS MethodIntroduction: ADS Method

Suppressed channel is not visible yet.Suppressed channel is not visible yet.

Belle (357 fbBelle (357 fb--11)) hephep--ex/0508048ex/0508048

34.8
9.7 10)0.10.0( −+

− ×±=DKR

UsingUsing rrDD==0.060±0.003, 0.060±0.003, 
for maximum mixingfor maximum mixing ((φφ33==0, δ=180°0, δ=180°):):
rrBB<<0.18 (90% CL)0.18 (90% CL)

BaBarBaBar (211 fb(211 fb--11)) hephep--ex/0504047, PRD ex/0504047, PRD 7272, 032004, 032004

rrBB<<0.23 0.23 (90% CL)(90% CL)311
9 1013 −+

− ×=DKR

Like in GLW analyses,Like in GLW analyses, no significantno significant

constraint on constraint on γγ, but upper limit on , but upper limit on rrBB
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DalitzDalitz distributiondistribution of of DD→→ hh11hh22hh33 fromfrom BB±±→→DKDK±± decays is fit with only decays is fit with only 
three free parametersthree free parameters

Introduction: GGSZ MethodIntroduction: GGSZ Method
UseUse multimulti--bodybody finalfinal state, common for state, common for DD00 and and DD00: : KKSSππ++ππ--, K, KSSKK++KK--, , ππ00ππ++ππ-- ......

Flavor specific Flavor specific DD0 0 →→ hh11hh22hh33 amplitude can be independently determinedamplitude can be independently determined
fromfrom high statistic sample of flavor tagged high statistic sample of flavor tagged DD**––→→ DD00ππ––, , DD0 0 →→ hh11hh22hh33 decaysdecays
((⇒⇒ model uncertainty)model uncertainty)

),,( 3ϕδr

Statistical sensitivity of the method depends on the dynamics ofStatistical sensitivity of the method depends on the dynamics of thethe
particular 3particular 3--body Dbody D--meson decay mode:meson decay mode:
((ForFor |M||M|22==ConstConst there is no sensitivitythere is no sensitivity))

Large variation of the strong phase over the Large variation of the strong phase over the DalitzDalitz plot is an essentialplot is an essential
ingredient. This is provided by the presence of intermediate resingredient. This is provided by the presence of intermediate resonances.onances.

Interference between Interference between BB+ + →→ DD00KK++ and and BB+ + →→ DD00KK++ amplitudes translatesamplitudes translates
into interference between into interference between DD0 0 →→ hh11hh22hh33 and and DD0 0 →→ hh11hh22hh33 decays to bedecays to be
measured on the D measured on the D DalitzDalitz plot.plot.
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Introduction: Historical RemarkIntroduction: Historical Remark

First First arXivarXiv preprint by  preprint by  A.GiriA.Giri, , Yu.GrossmanYu.Grossman, , A.SofferA.Soffer, , J.ZupanJ.Zupan,,
hephep--ph/ph/03031870303187..

First results by Belle (152M First results by Belle (152M BBbarBBbar pairs):pairs):
LeptonLepton--PhotonPhoton’’03 Aug. 1103 Aug. 11--16, 2003, Batavia, hep16, 2003, Batavia, hep--ex/0308043.ex/0308043.

First results by First results by BaBarBaBar (227M (227M BBbarBBbar pairs):pairs):
ICHEPICHEP’’04 August 1604 August 16--22, 2004, 22, 2004, BejingBejing, hep, hep--ex/0408088.ex/0408088.

Talk by A. Talk by A. BondarBondar, at the dedicated Belle , at the dedicated Belle DalitzDalitz analysis meeting,analysis meeting,
Sep. 24Sep. 24--26, 2002, Novosibirsk.26, 2002, Novosibirsk.
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Apparatus: KEKBApparatus: KEKB
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KEKB Collider

3.5 3.5 GeVGeV ee++ & 8 & 8 GeVGeV ee–– beamsbeams
3 km circumference, 11 3 km circumference, 11 mradmrad crossing anglecrossing angle

L = 1.66 x 1034 cm–2s–1 (world recordworld record)

∫Ldt = 675 fb-1 @ Υ(4S) + off(~10%)
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Apparatus: BelleApparatus: Belle
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Apparatus: Particle IdentificationApparatus: Particle Identification

p/K/π separation is based
on Likelihood ratio:

LR(K)=
L(K)+L(π)
L(K)



Measurement of γ in B->D[KSππ]K • Alexei  Garmash       • Fermilab, November 17, 2006     14

Analysis: Kinematical VariablesAnalysis: Kinematical Variables

Identification of the B signal

B signalB signal
Mbc = √(E*beam)2-P*B

2

∆E = E*B – E*beam

BackgroundBackground

CLEOCLEO

KEKB runs hereKEKB runs here
BB BB thrthr..--

Only 20 Only 20 MeVMeV above BB thresholdabove BB threshold
==>  no energy for extra particles==>  no energy for extra particles

--
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Analysis: Continuum SuppressionAnalysis: Continuum Suppression

B-->D0π- Data

Angle between the two thrust axis:
- B candidate
- rest of the event

OFF Resonance Data

Signal MC

Fisher Discriminant:

F=F=ΣΣααjjxxjj
T=max 

n Σi |pi|
Σi |(pin)|i iT=max 

nn Σi |pi|
Σi |(pin)|i i

Spherical BB event--Jetty Jetty ee++ee---->>qqqq continuum eventcontinuum event--
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Analysis:Analysis: DD0 0 →→ KKssππ++ππ–– DecayDecay
Reconstruct Reconstruct D*D*±± →→ D[KD[KSSππ++ππ--]]ππss

±± from continuum from continuum ee++ee-- →→ cccc production.production.
Charge of the soft Charge of the soft pionpion ππss from from D*D* tags the neutral tags the neutral DD meson flavor.meson flavor.

With a 357fbWith a 357fb--11 data sample we reconstruct  data sample we reconstruct  262K 262K D*D*±± →→ DDππ±± →→ [K[KSSππ++ππ--]]ππ±±

signal events with a background fraction of 3.2%signal events with a background fraction of 3.2%
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Analysis:Analysis: DD0 0 →→ KKssππ++ππ–– DecayDecay

Construct a modelConstruct a model
(a coherent sum of(a coherent sum of
quasiquasi--twotwo--bodybody
amplitudes plus aamplitudes plus a
nonnon--resonant term)resonant term)
to fit the to fit the DalitzDalitz plot. plot. 

Belle Data: D0→KSπ+π-

NonNon--unique choice of the model results in a modelunique choice of the model results in a model--dependent uncertainty dependent uncertainty 
in the in the γγ measurement.measurement.
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Intermediate stateIntermediate state AmplitudeAmplitude Phase, °Phase, ° Fit fractionFit fraction
KKS S σσ1                    1                    ((M=520M=520±±15 15 MeVMeV, , ΓΓ=466=466±±31 31 MeVMeV))
KKSS ρ(770)ρ(770)
KKSS ωω
KKSS ff00(980)(980)
KKSS σσ22 ((M=1059M=1059±±6 6 MeVMeV, , ΓΓ=59=59±±10 10 MeVMeV))
KKSS ff22(1270)(1270)
KKSS ff00(1370)(1370)
KKSS ρ(1450)ρ(1450)
KK* * (892)(892)++ππ––

KK**(892)(892)––ππ++

KK**(1410)(1410)++ππ––

KK**(1410)(1410)––ππ++

KK**
00(1430)(1430)++ππ––

KK**
00(1430)(1430)––ππ++

KK**
22(1430)(1430)++ππ––

KK**
22(1430)(1430)––ππ++

KK**(1680)(1680)++ππ––

KK**(1680)(1680)––ππ++

NonresonantNonresonant

1.43±0.071.43±0.07
1 (fixed)1 (fixed)
0.0314±0.00080.0314±0.0008
0.365±0.0060.365±0.006
0.23±0.020.23±0.02
1.32±0.041.32±0.04
1.44±0.101.44±0.10
0.66±0.070.66±0.07
1.644±0.0101.644±0.010
0.144±0.0040.144±0.004
0.61±0.060.61±0.06
0.45±0.040.45±0.04
2.15±0.042.15±0.04
0.47±0.040.47±0.04
0.88±0.030.88±0.03
0.25±0.020.25±0.02
1.39±0.271.39±0.27
1.2±0.21.2±0.2
3.0±0.33.0±0.3

212±4212±4
0 (fixed)0 (fixed)
110.8±1.6110.8±1.6
201.9±1.9201.9±1.9
237±11237±11
348±2348±2
82±682±6
9±89±8
132.1±0.5132.1±0.5
320.3±1.5320.3±1.5
113±4113±4
254±5254±5
353.6±1.2353.6±1.2
88±488±4
318.7±1.9318.7±1.9
265±6265±6
103±12103±12
118±11118±11
164±5164±5

9.8%9.8%
21.6%21.6%
0.4%0.4%
4.9%4.9%
0.6%0.6%
1.5%1.5%
1.1%1.1%
0.4%0.4%
61.2%61.2%
0.55%0.55%
0.05%0.05%
0.14%0.14%
7.4%7.4%
0.43%0.43%
2.2%2.2%
0.09%0.09%
0.36%0.36%
0.11%0.11%
9.7%9.7%

Analysis: DAnalysis: D0 0 →→ KKSSππ++ππ–– DecayDecay
Parameterization of the DParameterization of the D00 amplitude (isobar model)amplitude (isobar model)
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ρρ--ωω interferenceinterference

Doubly Doubly CabibboCabibbo
Suppressed KSuppressed K**

)(GeV22
+πsK

M

)(GeV22
+πsK

M

)(GeV22
−πsK

M )(GeV22
−πsK

M

)(GeV 22
−+ππ

M )(GeV 22
−+ππ

M

M
   

   
(G

eV
2 
)

K
sπ

–

2

Analysis: DAnalysis: D0 0 →→ KKssππ++ππ–– DecayDecay
D*D*-->D>D00ππ++-->[K>[KSSππ++ππ--]]ππ++
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Analysis: Sensitivity to Analysis: Sensitivity to γγ



Measurement of γ in B->D[KSππ]K • Alexei  Garmash       • Fermilab, November 17, 2006     21

Results: BResults: B±±-->DK>DK±± SignalSignal
Belle results (357 fbBelle results (357 fb--11))

331±17 B331±17 B±± signal signal eventsevents

BB ±±→→ DKDK ±±

BB--

BB++

-- DataData

-- FitFit



Measurement of γ in B->D[KSππ]K • Alexei  Garmash       • Fermilab, November 17, 2006     22

Results: BResults: B±±-->D>D**KK±± SignalSignal
Belle results (357 fbBelle results (357 fb--11))

81±8  B81±8  B±± signal signal eventsevents

BB--

-- DataData

-- FitFit

BB ±±→→ D*KD*K ±±

BB++
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Results: BResults: B±±-->DK>DK**±± SignalSignal
Belle results (357 fbBelle results (357 fb--11))

54±8  B54±8  B±± signal signal eventsevents

BB--

-- DataData

-- FitFit

BB++

BB ±±→→ DK*
DK* ±±
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D0K* D*0K D0K 

Results: Results: xx--yy planeplane
Fit BFit B++ and Band B-- samples separatelysamples separately

d  =  d  =  √√(x(x-- -- xx++))22 + (y+ (y-- -- yy++))22 =  2r=  2rBB|sin|sinγγ||
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Results: Control SampleResults: Control Sample
As a cross check of the fitting procedure we perform a fit to seAs a cross check of the fitting procedure we perform a fit to severalveral
control samples: control samples: BB--→→DD(*)0(*)0ππ-- and and BB00→→DD**--ππ++

r = r = 0.00.0

Consistent with expectationsConsistent with expectations
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Results: Results: rrBB--γγ planeplane

3 modes combined: γγ = = 5353+15+15
--1818±±3(syst)3(syst)±±9(model)9(model)°°

CPV significance: 78%                88°°<<γγ<<111111° (2σ interval)° (2σ interval)

DK  :  DK  :  rrBB = 0.159= 0.159+0.054+0.054
--0.050 0.050 ±±0.012(syst)0.012(syst)±±0.049(model);  0.049(model);  δδ = (146= (146+19+19

--2020))ºº
D*K:  D*K:  rrBB = 0.175= 0.175+0.108+0.108

--0.099 0.099 ±±0.013(syst)0.013(syst)±±0.049(model);  0.049(model);  δδ = (302= (302+34+34
--3535))ºº

DK*:  DK*:  rrBB = 0.564= 0.564+0.216+0.216
--0.155 0.155 ±±0.041(syst)0.041(syst)±±0.084(model);  0.084(model);  δδ = (243= (243+20+20

--2323))ºº

γγ = = 6666+19+19
--2020°(stat)°(stat) γγ = = 8686+37+37

--9393°(stat)°(stat) γγ = = 1111+23+23
--5757°(stat)°(stat)

B±→DK±

B±→D*K±

B±→DK*±
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Results: Results: γγ vs. Statisticsvs. Statistics

Strong dependence of the stat. error of the (unknown) Strong dependence of the stat. error of the (unknown) rrBB valuevalue
hard to predict evolution of hard to predict evolution of δγδγ with statistics with statistics 
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Results: SummaryResults: Summary
ADS+GLW+GGSZ Belle onlyADS+GLW+GGSZ Belle onlyGGSZ: Belle vs. GGSZ: Belle vs. BaBarBaBar

γγ = (62     )= (62     )˚̊

ADS+GLW+GGSZ  ADS+GLW+GGSZ  Belle+BaBarBelle+BaBar

+32+32
--2828

(59    )(59    )˚̊+9+9
--44
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Prospects: Other DProspects: Other D00 ModesModes
KKSSππ++ππ--:  BF :  BF ≈≈ 2%   (including 2%   (including KKSS→→ππ++ππ-- BF)BF)

KKSSKK++KK--:  BF :  BF ≈≈ BFBF00/6/6
Dominated by Dominated by a(980)a(980)00KKSS, , φφ(1020)K(1020)KSS and and a(980)a(980)++KK--

Sensitivity to Sensitivity to γγ might be provided by interferencemight be provided by interference
between between φφ(1020)(1020) and  and  a(980)a(980)++

ππ++ππ--ππ00: BF BF ≈≈ BFBF00/2/2
Dominated by three Dominated by three ρπρπ channelschannels
~100% overlapping between ~100% overlapping between DD00 and and DD00 =>=>
large sensitivity to large sensitivity to γγ is expectedis expected
High combinatorial background due to High combinatorial background due to ππ00

FourFour--Body: Body: KKSSππ++ππ--ππ00 (BF (BF ≈≈ 2xBF2xBF00), ), KK++KK--ππ++ππ-- (BF (BF ≈≈ BFBF00/10)/10)
Complicated resonant substructure => model uncertainty might Complicated resonant substructure => model uncertainty might be largebe large

BaBarBaBar

≡≡ BFBF00 as normalization channelas normalization channel

CLEOCLEO
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ModelModel--independent approachindependent approach
),(22 22

|),(| −+
−+= mmiemmff φ

),(22),(22
~

2222
0 |),(||),(| +−−+

+−−+ += mmiimmi
D

emmfreemmfA φθφ

)],(),([2222 2222
|),(||),(| +−−+ −

+−−+ += mmmmii emmfremmf φφθ

2
|),(||),(| ),(22),(22 2222

+−−+
+−−+ ±

=
mmimmi

CP
emmfemmfA

φφ

2
|),(||),(| )],(),([2222 2222

−++− −
+−−+ ±

=
mmmmiemmfmmf φφ

DD00 flavor specific decay amplitudeflavor specific decay amplitude::

DD00--DD00 interference from interference from BB++→→ DD00KK++::

),(),( 2222
+−−+ − mmmm φφ|| f is measured directly, is measured directly, is modelis model--dependentdependent

If CPIf CP--tagged tagged DD are available (eare available (e..g. from g. from ψ’’ψ’’→→ DD00 DD00 , , where tagwhere tag--sideside

DD decays into CPdecays into CP--eigenstateeigenstate) phase difference can also be measured:) phase difference can also be measured:
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ModelModel--independent approachindependent approach
A.BondarA.Bondar, , A.PoluektovA.Poluektov hephep--ph/0510246ph/0510246

MC studies show that (given sufficient DMC studies show that (given sufficient DCPCP sample) sample) 
2x102x1044 signal Bsignal B→→DK events and “5x5” DP binning is DK events and “5x5” DP binning is 
enough to extract enough to extract γγ with ~3with ~3˚̊uncertaintyuncertainty
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ModelModel--independent Approachindependent Approach
A.BondarA.Bondar, , A.PoluektovA.Poluektov hephep--ph/0510246ph/0510246

50 ab50 ab--11 at at SuperBSuperB factoryfactory
should be enough for should be enough for 
modelmodel--independent measurementindependent measurement
of of γγ with with accuracy below 2accuracy below 2°°

~10 fb~10 fb--11 at at ψψ(3770) (3770) needed to needed to 
accompany this measurement.accompany this measurement.

A.Giri, Yu. Grossman,
A. Soffer, J. Zupan,           

PRD 68, 054018 (2003)

Current CLEO Current CLEO ψψ(3770)(3770) statistic is 281pbstatistic is 281pb--11

Expected factor 3 increase by 2008 (hepExpected factor 3 increase by 2008 (hep--ex/0608008)ex/0608008)
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SummarySummary

GGSZ method has been proven to be the most powerful one GGSZ method has been proven to be the most powerful one 
(amongst known today) in providing information on weak phase (amongst known today) in providing information on weak phase γγ

Combining all the information from Belle and Combining all the information from Belle and BaBarBaBar directdirect
measurements givemeasurements give

in perfect agreement with SM fit: in perfect agreement with SM fit: 

Precision of Precision of γγ depends strongly on (unknown) parameter depends strongly on (unknown) parameter rrBB..
By 2008 we expect to have 1abBy 2008 we expect to have 1ab--11/experiment. If we are lucky/experiment. If we are lucky
enough, stat. accuracy will be  enough, stat. accuracy will be  σσγγ ~ 10~ 10˚̊

γγ = (62     )= (62     )˚̊+32+32
--2828

(59    )(59    )˚̊+9+9
--44
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