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KEKB Collider

3.5 GeV e+ & 8 GeV e– beams
3 km circ, 22 mrad crossing angle

L= 2.1 x 1034 cm–2s–1

L dt = 1.04 ab–1∫



Unitarity triangle
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Using unitarity requirement:

sin2φ1 is measured with a good accuracy at B-factories.
Measurement of all the angles needed to test SM.



CPV in Mixing
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CP Violation



Direct CPV in charged B Decays
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One rate asymmetry is not sufficient to extract physical parameters:
• measure A and A, but need A1, A2, φwk, δst

CP violation through interference 
of decay amplitudes
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Kinematics and event shape



How to measure TCPV

Different plots



Selection of B (cc)K0

PRL 108, 171802 (2012)



CP asymmetry in B (cc)K0

PRL 108, 171802 (2012)



Measurement of sin2φ1 (sin2β)

PRL 108, 171802 (2012)



CPV in double charm



CPV in double charm

PRD 86, 071103(R) (2012)



sin2φ1
eff from Penguin Decays

• no weak phase in b→(qq)s penguin decays
– expect to measure S = sin(2φ1) [just as in B → ψ KS]
– contributions from suppressed diagrams expected to be 

small (Δsin(2φ1) = sin(2φ1
eff)− sin(2φ1) ~ 0.01-0.1)

• if new physics introduces weak phase in decay, we could 
measure something different than sin(2φ1)
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BB-->K>KSSKK++KK-- timetime--dependent dependent DalitzDalitz analysisanalysis
PRD 82.073011 (2010) 



sin2φ1
eff in b→sqq Penguins

No significant deviations from the value in 
the b ccs modes: sin2φ1 = 0.679±0.020



Determination of φ2(α)
Time-dependent CP asymmetry: )cos(   )sin(   )( tmCtmStA dd ΔΔ−ΔΔ=Δ

Tree:

00-0 A  A2/1  A +⋅= ++

Penguin:

)sin(2  )sin(21        0  eff
2

2 ϕϕ ≠−=≠ CSC
Without penguin: Including penguin:

Use isospin relations to estimate the penguin
contribution:

-00 A  A =+
Neglecting EWP, 
h+ h0 (I=2)=pure tree

Gronau-London, PRL, 65, 3381 (1990)
Lipkin et al., PRD 44, 1454 (1991)

0  =C )2sin(  2ϕ=S



TCPV in B ππ

Δt (ps)

PRD 87, 031103(R) (2013). 

Sππ= −0.64 ± 0.08 ± 0.03 
Cππ= −0.33 ± 0.06 ± 0.03 



Isospin analysis



φ2(α) result from isospin analysis



φ2(α) results: ππ,ρπ,ρρ

B ππ

B ρρB ρπ

88.7o±4.4o



Determination of φ3(γ)

Relative phase: (B–→ DK–),               (B+→ DK+)

includes weak (φ3) and strong (δ) phase.

3*
1 ~~ λAVV uscbA 3~)3*

2
ϕη i

csub ei(ρ~AλV~V −−A
If D0 and D0 decay into the same final state, 000~ DreDD iθ+=

δϕθ +−= 3 δϕθ ++= 3

B–→ D0K–: B–→ D0K– :

Amplitude ratio:

Possible D0 / D 0 final states:
CP eigenstates (ππ, KK)
Flavor eigenstates (Kπ)
Three-body decays (KSππ)

Gronau & London, PLB 253, 483 (1991)                     
Gronau & Wyler, PLB 265, 172 (1991)
Atwood, Dunietz, & Soni, PRL 78, 3257 (1997),
Atwood, Dunietz, & Soni, PRD 63, 036005 (2001)
Giri, Grossman, Soffer, & Zupan, PRD 68, 054018 (2003)
Bondar, PRD 70, 072003 (2004)

0 0| ( ) | / | ( ) |~ 0.1r A B D K A B D K− − − −= → →



Atwood-Dunietz-Soni method
D. Atwood, I. Dunietz and A. Soni, PRL 78, 3357 (1997);

PRD 63, 036005 (2001)
Enhancement of СР-violation due to use of Cabibbo-suppressed D decays

B–→D0K– - color allowed
D0→K+π– - doubly Cabibbo-suppressed

B–→D0K– - color suppressed
D0→K+π– - Cabibbo-allowed

Interfering amplitudes
are comparable⇒



Belle collaboration, 772M BB pairs PRL 106, 231803 (2011)
B−→[K+π−]D K

− (suppressed) and B−→[K–π+]D K
− (favored) modes are selected. 

CP asymmetry:

B→DfavKB→DsuppK

ADS method (Belle)



ADS using B D*K



Comparison of results



ADS method

Multiple solutions in φ3(γ)



GronauGronau--LondonLondon--WylerWyler method

СР eigenstate of D-meson is used (DCP).
CP-even : D1 →K+K–, π+ π –

CP-odd      : D2 → KS π0, KS ω, KS φ, KSη…
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Additional constraint:

СР-asymmetry:

⇒ A1,2 have opposite signs

4 equations (3 independent:                      ), 3 unknowns ),,( 3ϕδBr2211 RARA −=

[Phys. Lett. B 253 (1991) 483]
[Phys. Lett. B 265 (1991) 172]



Multiple solutions in φ3

GLW method



If                             is known, parameters         are obtained 
from the fit to Dalitz distributions of D→ Ksπ+π– from B±→DK± decays

Dalitz analysis method

Using 3-body final state, identical for D0 and D0: Ksπ+π-.
Dalitz distribution density: 22222 ||),( −+−+ ∝

ππππ
σ

ssss KKKK
dmdmmmd A

222 |),(| −+ ππ ss KK mmA

(assuming СР-conservation in D0 decays)

000~ DreDD iθ+=

A. Giri, Yu. Grossman, A. Soffer, J. Zupan, PRD 68, 054018 (2003)
A. Bondar, Proc. of Belle Dalitz analysis meeting, 24-26 Sep 2002. 

),( 22
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Only |f|2 is observable Model uncertainty



Dalitz: fit results
Fit parameters are  x±= rB cos(±φ3+δ) and  y±= rB sin(±φ3+δ)

rB

2γ

Physical parameters rB, δ and φ3 are extracted from x and y.



φ3=81 −15 ° ± 5°(syst) ± 9°(model)
+13

B±→DK± only: 

B±→DK±, B±→D*K± combined:

B±→DK±

B±→D*K±

B±→D*K± only: 

φ3=64 −23° ± 4°(syst) ± 9°(model)
+21

φ3=78 −12 ° ± 4°(syst) ± 9°(model)
rDK=0.16 ± 0.04 ± 0.01(syst) ± 0.05(model)
rD*K=0.21 ± 0.08 ± 0.01(syst) ± 0.05(model)
δDK=136 −16 ° ± 4°(syst) ± 23°(model)
δD*K=343 −22 ° ± 4°(syst) ± 23°(model)

+11

+14

+20

Stat. confidence level of CPV is (1-5.5·10-4) or 3.5σ

Dalitz: φ3 results

BaBar result:
γ = (68 ± 15 ± 4 ± 3)°
3.0σ CPV significance

Future improving is limited by the 
model uncertainty



Binned Dalitz analysis method



Binning & measurement of ci, si



Fit results



Sides of UT



Vcb from inclusive B->Xclν



Vcb determination
• Inclusive CL decay recoiling against Btag

• Unfold to true

• Extra constraints on mb from b s γ photon spectrum



Exclusive Vcb



B->D*lν



Vcb summary



Exclusive Vub



B->πlν results



Exclusive Vub



Inclusive Vub



Inclusive Vub



B τν



fB and |Vub| from leptonic decays



Vub summary

Exclusive / inclusive 
|Vub| differ by ~3σ



• Angle φ1(β) is measured with 1º accuracy in b ccs. No deviation 
from SM is found in b sqq penguin and b ccd decays.

• Accuracy of O(5º) is achieved in φ2(α) measurement using ρρ and 
ρπ. Still is limited by statistic.

• φ3(γ) remains the most difficult angle of the UT to measure. 
Good perspectives with higher statistics since the theoretical 
uncertainties are very low.

• 3% and 10% accuracy are obtained for |Vub| and |Vub|. 2-3σ
discrepancy in inclusive / exclusive methods.

• Excellent agreement with Standard Model so far. Next order of 
statistics is necessary to give an answer for the New Physics 
existence.

Summary


