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Outline

Covering both BaBar and Belle results...
– Apologies to those results not covered for lack of time...

will include them in the proceedings paper

• Introduction
– Weak interactions & the CKM matrix
– CP violation in the B system
– The angle β: B → charmonium decays and others

• Measurement technique
• sin2β − and β − in b→ccs (tree) decays
• “sin2β” in b→s penguin decays
• Conclusions

Many thanks to BaBar and Belle collaborators for inputs
and especially to D. MacFarlane
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A good year to celebrate

• 25 years since I.I. Bigi & A.I. Sanda
“Notes on the observability of CP violations in B decays”

• 20 years in January since P. Oddone’s suggestion of
measurements at the Y(4S) in an asymmetric collider

• Result: 8 years of data from two B-factories, ~1ab-1 of 
luminosity, and ~one billion BB pairs observed

A remarkable variety of physics results already achieved, with many 
more ahead 
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Weak Interaction in Standard Model
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CP Violation in the B System

CPV through interference 
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decay amplitudes
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for single decay amplitude

= 0 λ= Im
CPf

For single amplitude

+ −

+ −

−
Δ = = Δ Δ − Δ Δ

+
( ) sin cos

CP CP CPf f d f d
f fA t S m t C m t
f f

Asymmetry

λ
λ

−
=

+

2

2

1 | |
1 | |

CP

CP

CP

f
f

f

C
λ

λ
=

+ 2

2Im
1 | |

CP

CP

CP

f
f

f

S = ⋅ CP

CP

CP

f
f

f

Aqλ
p A



HQL06 - 2006.10.19 CP violation in B decays: β/φ1 — Dubois-Felsmann 6
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Interference of b → c tree decay 
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CPV in charmonium modes
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The many ways to measure sin2β
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μΔz ~ 260 m
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1σ CKM fit
2σ

World Average
sin2β[WA]=0.687±0.032
From external constraints
sin2βUTFit= 0.793±0.033 (sides)
sin2βUTFit=0.734±0.024 (all)

Great success for Standard Model
Great success for all of us
theorists, experimentalists, accelerator physicists

Brief history of sin2β from B0→charmonium K0
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BABAR charmonium sample
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Latest BABAR results for sin2β

0( )  (  odd) modesScc K CP 0( )  (  even) modesLcc K CP

BABAR CONF-06/036
β = ± ±
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BELLE-CONF-0647

Latest Belle results for sin2β

ψ 0/  (  odd) modeSJ K CP ψ 0/  (  even) modeLJ K CP

β = ± ±
= − = − ± ±
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2006: BABAR + Belle
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Removing 4-fold ambiguity for β

B0 D*+D*−Ks
Time-dependent Dalitz analysis 
(T.Browder, A. Datta et al. 2000)

cos2β > 0
(94%CL, model-dependent) 

B0 Dh0 (h0 = π0 etc.)
Time-dependent Dalitz analysis  

cos2β > 0
Belle: 98.3%CL
(hep-ex/0605023, to appear in 
PRL)
BaBar 87% CL 
(BABAR-CONF-06/017)
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Potential New Physics contributions
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Belle 2006: tCPV in B0 φK0

Δt distribution and asymmetry

unbinned fit
SM

BELLE-CONF-0647

 532   pairs M BB

β = + ± ±
= − = − ± ±

sin2 0 50 0.21 0.05
0.07 0.15 0.06

eff .
C A

• Consistent with SM (~1σ lower)
• Consistent with Belle 2005
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BABAR 2006: tCPV in B0 K+K-K0

Obtain CP parameters for 2-body and 3-body modes simultaneously by 
time-dependent Dalitz fit:
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BABAR 2006: CPV from full Dalitz plot

β measurement (not sin2β)

Rejected
(within SM)
4.6σ

037.0079.0361.0
025.0079.0034.0

±±+=
±±−=

eff

CPA
β

SM:
ACP=0
β=0.370
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BABAR 2006: CPV in low K+K- mass

φ(1020)K0 57%

f0(980)K0 34%

Non-res 13%

Resonant fractions for 
m(K+K-) < 1.1GeV
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• Cross-check with Q2B analysis
• Syst. errors dominated by Dalitz

plot model
• Consistent with SM, Belle

asymmetry plot ±15MeV under φ
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10.028.045.0

±±+=
±±+=

eff
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β=0.370

φKS
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• CPV measurements in f0Ks and φKs correlated 
(one background for the other)
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BABAR 2006: tCPV in B0 η’K0

η′ 0  (  odd) modeSK CP η′ 0  (  even) modeLK CP

BABAR hep-ex/0609052, 
submitted to PRL

β = + ± ±
= − = − ± ±

sin2 0 58 0.10 0.03
0.16 0.07 0.03

eff .
C A

~5.6σ observation of 
CPV in a b→s mode

 384   pairs M BB
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Belle 2006: tCPV in B0 η'K0

Δt distribution and asymmetry

 532   pairs M BB

β = + ± ±
= − = − ± ±

sin2 0 64 0.10 0.04
0.01 0.07 0.05

eff .
C A

• Also ~5.6σ observation of 
CPV in a b→s mode

• Consistent with SM
• Consistent with Belle 2005

BELLE-CONF-0647
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Summary of sin2β in b→s penguin modes

Δsin2β

Example from recent calculations (QCD factorization)
2-body: [Beneke; PL B620, 143 (2005)]
3-body: [Cheng,Chua,Soni; PRD72, 094003 (2005)]

Representative theory estimates

Naïve2 Average: 0.52 ± 0.05 (2.6σ)
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Global CKM fit: 2006

95% contours
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Conclusions

• “Golden mode” measurement precision now better than 4%

• Penguin mode measurements improving
– Still tantalizing hints, no confirmation, of unexpected outcomes

• Integration of all B physics results (including Bs mixing) is 
allowing the program originally envisioned for the B-factory 
era to be carried out beyond expectations
– See α and γ, UT side measurements at this conference
– Picture still looks generally consistent - constraints on new physics

are becoming interesting

• Still have a further more-than-doubling of the global B-factory 
data sample ahead... 
– Very rewarding time to be working in this area!
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