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Recap of Lecture 3 and Outline
• Bs mixing from CDF and D0: still not seen

• “Direct” CPV seen in Bd → Kπ

• “Indirect” CPV in mixing (ASL) not seen yet

Now… Unitarity Angles!

• sin2β (sin2φ1)
– b → ccs and b → sss

- Methods
- Results
- Statistics, 
systematics
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sin2β (φ1):
time-dependent CP asymmetries 

in b → ccs

( )ρ η,

γ β

α

( )0,1( )0,0

η

ρ

Mixing-decay interference
J/ψKS, J/ψKL, …



sin2β from mixing & b→ccs “tree” amplitudes
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THEORY:
• all decay amplitudes have the same 

weak phase ⇒ clean prediction
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EXPERIMENT:
• “Large” branching fractions, i.e.:
BF(ψ(l+l−)KS(π+π−)) = 3.5 × 10−4

• High purity: up to 97% for J/ψKS, 
somewhat less for other 
charmonium modes1λ0
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Fit to tagged ∆t distributions
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LP 2005



sin2β ( sin2φ1 ) fit results
K.Abe
LP 2005
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sin2β in the (ρ, η) Unitarity Plane
sin2β and the region constrained only by measurements 
of the sides:  |Vub/Vcb|,   ∆ms & ∆md,   εK
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CKMfitter group
LP 2005



sin2β in the (ρ, η) Unitarity Plane

Including in the fit
sin2β
and the measurements 
of the sides:  
|Vub/Vcb|, ∆ms & ∆md, εK

CKMfitter group
LP 2005
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CP Analysis: a Blind Analysis
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Blinded…

Exciting “unblinding parties”…



CP Analysis: event samples
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CP sample: 7730 ev.

Flavor sample
72878 ev. Control sample 18294 ev.

KLKS

K*0

Flavor 
eigenstates

BaBar analysis, 2004



CP analysis: B Flavour Tagging
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BaBar
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Tagging efficiency extracted from measurement of the dilution of mixing
in the “flavor sample”, where missing and wrong tags dilute the 
amplitude of the oscillation



CP fit: likelihood parameters
Both ∆md and sin2β: global unbinned maximum likelihood fit on data:

∆md tagged flavour sample
sin2β tagged flavour and CP samples

parameters modelling mistag, ∆t resolution and backgrounds: floated 
to obtain an empirical description of these properties from data
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parameter #params Determining 
subsample 

sin2β 1 CP 

w & ∆w 6 × 2 = 12 flavour 

∆t resolution 7 flavour and CP 

CP Bkgd τ 8 sidebands 

Eff. differences 7 flavour 

Flav Bkgd w, ∆w 24 sidebands 

Flav Bkgd ∆t 3 + 3 = 6 sidebands 
 

 



sin2β : systematic uncertainty
BaBar 2004:
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sin2β : preliminary conclusions

• b → ccs : very good agreement with SM (CKM) 
expectations

• Well understood and robust analysis methods

• The same methods can be applied to more 
challenging channels, looking for non-SM effects:         
b → sss
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sin2β from mixing & b→s “penguin” amplitudes

• The CKM model passed its first 
precision test !
– The determination of (ρ,η) is now 

dominated by the measurement of sin2β: 
what next ?

• Start looking for non-SM effects
– Best candidates: decays with the same 

(zero) weak phase, but loop (“penguin”) 
diagrams

– Look for effects of virtual non-SM particles
in the loop

– Experimentally, the best modes are
φKS, η’KS; recently BaBar started also to 
study π0KS, f0KS, K*γ

– non-SM signature: pattern of different 
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sin2β from b → s “penguins”
K.Abe
LP 2005
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sin2β from b → s “penguins”
K.Abe
LP 2005

SM expectations
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sin2β from b → s “penguins”: difficulties
• Experimental challenge of 

b→s “penguins” :
– Smaller branching 

fractions 
– smaller purities
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• Theoretical problems:
– Sub-dominant SM contributions 

with non-zero weak phase
– “u-quark penguin” is CKM-

suppressed (∼0.02), but η’KS and 
π0KS also have “b → u tree”

KKKs 25      8.6           26%    ∼77%

KKKs ∼ 5%             < 0.25



Event samples: B0 → φKS, φKL, K+K-KS
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K.Abe
LP 2005



∆t distributions: B0 → φKS, φKL, K+K-KS
K.Abe
LP 2005
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B0 → KSKSKS (plots from BaBar)

K.Abe
LP 2005
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B0 → η’KS , η’KL (plots from Belle)
K.Abe
LP 2005
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sin2β from b → s “penguins”: conclusions
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K.Abe
LP 2005
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Belle: time-dependent Dalitz analysis −+→→ ππ000 , SKDDhB

( )β

K.Abe
LP 2005



Summary of Lecture 4
• sin2β measurements:

– b → ccs : very good agreement with SM (CKM) expectations
– b → sss : φKS update from Belle now consistent with BaBar

and compatible with the SM
– b → sss : all compatible with the SM within ≈ 1σ , except η’KS; 

all below the SM except f0KS; more data needed to 
understand if there is a non-SM effect or not

• Next, lecture 5:
– Review of results on ππ, ρπ, ρρ and implications for sin2α
– Measurements of γ
– Wrap-up on the Unitarity Triangle and CKM fits
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