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γ, weak phase difference
δB, strong phase difference

γ with interferences in  B± D(*)0K(*)±
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GLWGLW
CP modes

K+K-,π +π - (CP +)

KSφ, KSω, KSπ 0 (CP-)

ADSADS
Doubly Cabbibo Supp.

D0 K+π -

D0 K-π +        

GGSZGGSZ
3 body: Dalitz

KSπ +π -

3 methods

D(*)0= admixture of D(*)0 and D(*)0~

Theoretically clean: no penguin diagram 
+ 3 common unknowns:

2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion

One set for each D0K-, D*0K-, D0K*-: resp. (rB, δB), (rB
*, δB

*), (rsB, δsB)

Possibility and need to combine the methodsPossibility and need to combine the methods
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GLW method Phys.Lett.B265:172-176,1991
Phys.Lett.B253:483-488,1991

4 observables measured:4 observables measured:
CPCP asymmetriesasymmetries Ratio of Ratio of BFsBFs
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Drawbacks of the methodDrawbacks of the method
8-fold ambiguity on γ
Small branching fractions ~10-6 (including sec. BF) 

Statistically limited
Main limitation: RCP++RCP-=2+rB   : quadratic dependence in rB

small sensitivity, small CP asymmetries

3 unknowns (3 unknowns (γγ , , δδBB, , rrBB))

1 constraint : 1 constraint : AACP+CP+RRCP+CP+==--AACPCP--RRCPCP--2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion
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PRD 73, 051105 (2006)

GLW results
B± D0K*± B± D*0K±

B± non CP

CP +

CP - B+

B-

B+

B-

Non CP

CP +

D* D0π 0

Non CP: Kπ, Kππ0, Kπππ

CP+: KK, ππ (No CP -)

37.6 B± evts

14.8 B± evts

(232×106 BB) (124×106 BB)

K*- Ksπ -

29.7 evts

Non CP: same as D*K

CP: same as DK

B± D0K±

CP +

CP -

Non CP

131 evts

148 evts

(232×106 BB)

Non CP: Kπ

CP+: KK, ππ

CP-: Ksπ0, Ksω, Ksφ

2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion

PRD 72, 071103 (2006)
PRD 71, 031102 (2005)
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GLW averages
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2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion

GLW method alone cannot constrain γ alone with current statistics
But useful when  x± combined with GGSZ method (see slide 12)
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Phys.Rev.Lett. 78 (1997) 3257-3260

ADS method
Color favored

Cabbibo favored

Doubly Cabbibo
Suppressed

Color suppressed

Interference γδδ

ππ
ππ

cos)cos(2
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2 observables measured 2 observables measured 
(4 with (4 with DD**K, K, PRD70,091503(2004)PRD70,091503(2004)))

And 5 unknowns: And 5 unknowns: rrBB, , rrDD, , δδBB, , δδDD, , γγ

)%021.0365.0(
)(
)(

±=
→

→
≡ +−

−+

π
π

KDA
KDA

rD
PLB 592,1 (PDG 2004)

2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion

2
2

Ratio of Ratio of BFsBFs

CPCP asymmetriesasymmetries

D decay strong phase

Scan all possible values
Main limitation: small BF ~10-6 

Good senstivity to rB with RADS

But amplitudes comparable Larger CP violation

2
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ADS results

N=5 +4
- 3

N=4±3

B± D0K± B± D0K*± B± D*0K±

D* D0π0

D* D0γ

N=-0.2 +1.3
- 0.7

N=1.2 +2.1
- 1.4

Only bayesian limits (90% CL) on RADS and r(s)B
(*)

No significant signal

rsB=0.20±0.140.046±0.032D0K*

(rB
*)2<(0.16)2<0.023 (D0π0)

<0.045 (D0γ)
D*0K

rB<0.23<0.029D0K

rBRADS

PRD 72, 032004 (2005)
PRD 73, 071104 (2006)

232×106 BB

2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion
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hep-ex/0607065
226×106 BBADS results: B- [K+π -π 0]DK-

Similar to classic ADS analysis with DCS D0 K+π -

Complication: (|AD|, δD) varying in the Dalitz plane

Smaller rD=(0.214±0.011)% better sensitivity on rB

C unknown: |C|≤1
More background, but higher BF’s
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(95% CL)
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Experimental LH Bayesian LH

No signal observed

Preliminary

2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion
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ADS averages

Not possible to 
constrain r(s)B with 
RADS measurements 
alone

r(s)B smaller than 
expected

AADS not measuredD
K

(K
ππ
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D
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(K
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2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion
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Dalitz GGSZ: B- D(*)
Ksπ +π - K(*)-

Phys.Rev. D68 (2003) 054018

D0 KSπ +π - final state accessible through many decays: Dalitz analysis
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γ
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CP parameters

Same strategy for all analyses: 
1- Fit the amplitude AD

2- Fit of the B- D(*)[Ksπ +π -] K(*)- Dalitz plot
Use flavor tagged D

from high stat. 

D*+ D0(Ksπ +π -)π +

3- Obtain CL on observables r(s)B
(*), δ(s)B

(*), γ

Purity: 97.7%
2-fold ambiguity: (γ, δB) (γ+π, δB+π )

κ=+1 for D*0 D0π

DK-

D*K-

κ=+1

κ=-1 for D*0 D0γ

DK*- Interference with B± D(KSπ ±)non-K*

0 ≤ κ ≤ 1 If interference 0: κ 1
rsB rB
δsB δB2. GLW

3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion
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GGSZ: [Ksπ +π -]D Dalitz model
NRr i

NRr
i

r
rD eammeamm φφ += +−+− ∑ ),(),( 2222 AA

Non Resonant term16 Resonances
Total=119.5% (due to interferences)

Breit-Wigner model:

K
π

ππ
P,

D
ππ

S

Model systematic uncertainty: comparison

with alternative model (ππ S-wave K-matrix)

Not well-established: 
- mass and width fitted

- give better description of data
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GGSZ results: (x±,y±)
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)(
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)(
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)( γδ ±
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Bsi

Bss erImy
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)(

(*)
)(

(*)
)( γδ ±

± =
Bsi

Bss erRex

2(*)
)(

2(*)
)(

2(*)
)( Bsss ry =+ ±±

At low statistics and low rB values, use of cartesian
coordinates:

Unbiased and Gaussian
Not the case for (γ, δ(S)B

(*), r(S)B
(*)) x

Nevts=398±23 Nevts=97±13 (D0π 0)
Nevts=93±12 (D0γ)

B- B-
B+ B+

1σ CL 

2σ CL

hep-ex/0607104
347×106 BB

hep-ex/0507101
227×106 BB

DK- D*K- DK*-

Nevts=42±8

B-

B+

1σ CL
2σ CL

Contours

flipped

x+: 0.102±0.062±0.022

x-:-0.12±0.08±0.03

x+: 0.32±0.18±0.07

x-:-0.33±0.16±0.06

GLW DK DK*

GLW Competitive!

2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion
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GGSZ results: γ

From fitted CP parameters (x± , y± ), (x±
*, y±

*), (xS± , yS± ): 
use a nD Neyman Confidence Region approach (frequentist) 
Extract (rB, rB, κ.rSB

*), (δB, δB
*, δSB), γ

D0K- D*0K- D0K*-

1σ CL
2σ CL

hep-ex/0607104
347×106 BB

hep-ex/0507101
227×106 BB5D CR 3D CR

2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion

No 1σ limit on γ with DK* aloneγ [mod π]=(92±41±11±12)° (2-fold ambiguity)
κ.rSB<0.5rB<0.142

rB
*∈[0.016;0.206] Smaller than 2005 analysis
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hep-ex/0703037
324×106 BBDalitz GGSZ: B- Dπ +π -π 0 K-

Compared to B± [Ksπ +π -]D K±:
Different Dalitz structure (15 resonances)
Larger backgrounds

Non linear correlations with (rB, δB, γ) 
and cartesian coordinates 

use of polar coordinates
220 )( ±±± +−≡ yxxρ 
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+−+− 85.0),(),(0 dmdmmmAmmAx DD

Contours of constant L : 1σ, 2σ, 3 σ

06.011.072.0

06.011.075.0

±±=
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−

+

ρ

ρ

o

o

)1942173(

)1323147(

±±=

±±=

−

+

θ

θ

N=170 ± 29 events

ρ+/ρ- corr. =14%

other corr. < 1%

Systematics mostly from

Dalitz model

Errors on: 

- θ±: too large to determine γ

- ρ±: small enough to be useful 

2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion
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Conclusion and perspectives
γ is a difficult measurement: deemed impossible a few years ago

The direct path to γ : charged B decays
3 theoretically clean methods
Dalitz method is the most powerful so far
GLW has competitive errors on x±: improves 
constraints when combined
Only part of the statistics available used: 
need to update analyses
At high stat.: will need a model independent Dalitz to avoid model syst.

The indirect path to γ: neutral B decays
Helps in constraining
But need input for r(*), and stat. limited

A long way ahead

Courtesy of V. Tisserand

Courtesy of V. Tisserand

2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion

1-CL

γ from D(*)K (WA)

( )°+
−= 19

2678γ
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The BaBar experiment

9 GeV e-

3.1 GeV e+

DCH

Drift Chamber
40 layers

Good p resolution
K/π Separation(dE/dx)

DIRC
144 quartz bars

11000 PMs
K/π Separation

EMC
EM Calorimeter

6580 CsI(Tl) crystals
Good E resolution π0, γ

(Eγ > 30MeV)

Solenoide Supra
1.5 T

BB threshold
10.58 GeV

ϒ(4S)

2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion

SVT
Silicon Vertex Tracker
5 layers, double sided

Precise ∆z measurement p

IFR
Instrumented Flux Return

Iron / Resistive Plate Chambers 
/ Limited Streamer Tubes
muon / neutral hadrons id



18

Common analysis techniques

ReconstructionReconstruction

Cut on geometric variable (polar angles)
Reduce combinatorics from low momentum π
Eliminate quickly varying acceptance region

PID requirements
Combine info from SVT, DCH, DIRC
Provide K/π separation

Best B candidate selected with χ2 on different variables

Beam energy substituted mass

B energy in CM frame

22*
0

2

0 /
2 BBES pEppsm rrr

−





 ⋅+=

2
* sEE B −=∆

Signal identificationSignal identification

Requires mass hyp.

2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion



19

Common analysis techniques

qq rejection: uses difference of topology between spherical B decays 
and jet-like continuum

Cuts on |cosThetaT| (<0.9 typically)
Fisher, NN: L0, L2, cosθBmom, cosθBthrust

BB rejection: accounted for in the fit

Background fightingBackground fighting

Fit: Extended Fit: Extended unbinnedunbinned maximum Likelihood fitmaximum Likelihood fit
( )
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n
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XBBFXBBF
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CP →+→
→−→

=A

2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion
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GGSZ: [πππ 0]D Dalitz model 

NRr i
NRr

i

r
rD eammeamm φφ += +−+− ∑ ),(),( 2222 AA

)(r
ABrABr

sr

MimMm
FF

Γ−−
=A

D0 r + C
A+B

Spin dep.

Form Factors

2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion
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ππ S-wave K-matrix model

Purpose: describe ππ S-wave
Motivation: better description of dynamics than BW model in the 
presence of overlapping resonances
No improvement in the χ2 test, since dominated by P-wave 
components, identical in the two models 

χ2/nDOF=1.27

2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion

Sum of fractions: 1.16
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sin(2β+γ) with neutral B decays

Interference

Cabibbo Favored Doubly Cabibbo

Suppressed

( ) ( )
( ) ( )tmStmCtDBP

tmStmCtDBP

dd

dd

∆∆−∆∆∝∆→

∆∆+∆∆±∝∆→
±±

±

sincos1),(

sincos1),(
(*)(*)(*)0

(*)(*)(*)0

mm

mm

π

π

1
1
1

2(*)

2(*)
(*) ≈

+

−
=

r
r

C ( )(*)
2(*)

2(*)
(*) 2sin

1
2

δγβ ±+
+

=±

r
r

S

Time-dependent decay rate distribution:

r(*)=             ∼2%
|ADCS|
|ACF|

*
udcbVVA∝ γδδ iii

cdub eeAreVVA −∝∝ (*)*

weak phase diff.
strong phase diff.

Small CP asymmetries

r(*) cannot be measured with current stat. 

Measurements of S+ and S- determine 

(2β+γ) and δ if r is an external input

2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion

Large BF for favored decays (∼10-3)

Small BF for suppressed decays
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sin(2β+γ) with neutral B decays

Kaon tag: Potential competing CP violating effects 
in Btag decays (additional r’and δ’). 
Comparable to signal → Modified time distributions

Υ(4s)
Tag B

Reco B
K+

π+
∆z

K+

∆t ≅ ∆z/γβc

z

π-
s

π-

0B
cb

l+
lepton tag kaon tag 

0B
c sb

K+

c sK+
b0B u

γδ ii eAer (*)'

2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion

hep-ex/0504035

Alternative parameterization:Alternative parameterization:

( ) ( )
( ) ( )
( )( )''(*)(*)(*)

(*)'

(*)(*)(*)

sinsin2cos2

cos2sin2

cos2sin2

δδγβ

δγβ

δγβ

rrc

rb

ra

−+=

+=

+=
( ) bcaS +±=± (*)(*)(*)

0 for 

lepton tag
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B D(*) h±, h± =ρ±,π ±

±

Partial reconstructionFull reconstruction232×106 BB 232×106 BB
Dρ, Dπ, D*π D*π onlyPhys.Rev.D73:111101,2006 Phys.Rev.D71:112003,2005 

Only prompt π and soft π from D*

Lower purity (30-55%)
Higher stat (5-6 times fully reco.)

Excellent purity (80-90%)
Limited tagging efficiency
Limited event yields

2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion

Combined D*π

partial+full reco.

68% CL

90% CL

|sin(2β+γ)|>0.64 (68%CL)

>0.40 (90%CL)
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sin(2β+γ)
Purity obtained with full Purity obtained with full reconstuctionreconstuction Fitted Fitted ∆∆t distributionst distributions

2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion
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sin(2β+γ)
Partial BPartial B DD**ππ±± recoreco..

Lepton tag

Kaon tag

Peaking BB
Combinatoric BB
D*ρ

2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion continuum



27

sin(2β+γ)

2. GLW
3. ADS
4. GGSZ

1. Principle

Back-up

Measuring γ

Conclusion
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