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Belle Detector

Vertex resolution:σ(zcp)=75µm, σ(ztag)=140µm
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How to Measure Time Dependent CP Violation 
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How to Measure Time Dependent CP Violation 

� Εxtract candidate event from large B sample

� Event selection 

� qq continuum background suppression

� Tag the flavor of the other B

� Use flavor specific, inclusive property to tag the flavor of B

� Use the multi-dimensional likelihood to calculate the wrong tag fraction

� Εxtract ∆

� ��� � � ∆z � �
	� � ��
�� � ≈ βγ �∆ �

� From SVD to obtain the precise vertex

� Performing the time-dependent fit 

� Event-by-event signal probability, ∆
�

resolution function

� Use maximum likelihood fit on selected sample
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CP Violation for B0→π+π−

(1) Mixing-induced CP violation

(2) Direct CP violation

fcp

B0

B0

B0

B0

B0

fcp

B0 fcp B0 fcp

note: φ2=α�Tree only: we can measure sin2φ2  from (1)

�Penguin contribution : pollute (1), but we can see (2)
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 B0→π+π− Candidates

High Quality Event Low Quality Event
140 fb-1
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 B0→π+π− Result

�1529 candidates

�372±32 π+π− signal events

Sππ = -1.00±0.21±0.07
Aππ =  0.58±0.15±0.07

submitted to PRL
(hep-ex/0401029) 
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History of Sππ and Αππ

Sππ

� Belle

� Babar

Bel l eBelle

Babar
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CP Violation for B0→π+π−

�Feldman-Cousins Analysis

�5.2σ for CP violation

�3.2σ for direct CP violation

�3.3σ for superweak

140 fb-1
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Constraint on φ2
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Sππ, Aππ can be expressed as a function of φ1, φ2, |P/T|, and δ 
(M.Gronau & J.L.Rosner, PRD 65, 0903012 (2002)
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Constraint on φ2

� Model independent         
constraint on                   
 φ2, |P/T|, and δ

� sin2φ1 = 0.736

� 95.5% confidence level
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Constraint on φ2 and |P/T|

� sin2φ1 = 0.736

� With any φ2, δ

� P/T >0.17 with 95.5%       
confidence level  



Chin-chi Wang
XXXIX Rencontres de Moriond: 

Electroweak Interactions and Unified Theories 
Mar.21~28 2004

Constraint on φ2 and δ

� sin2φ1 = 0.736

� P/T≤0.45

� With any δ

� 90°≤ φ2≤146° with 95.5% 
confidence level   
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Constraint for ρ−η
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b→sqq

� b→sqq contains same weak phase as b→ccs. 

� Under SM -ξsqqSsqq should also measure sin2φ1, and           
-ξsqqSsqq

� -ξccsSccs

� If we find -ξsqqSsqq

� -ξccsSccs , it may due to new physics !!
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b→sqq Candidates

� B→φKs: 106 candidates

� B→K+K-Ks: 361 candidates

� B→η'Ks: 421 candidates

140 fb-1
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b→sqq Results

B
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Summary

� CP violation in B→π+π− is observed and has              
evidence of direct CP violation.

� B→φKs has evidence for new physics.

� With increasing integrated luminosity, new and          
interesting impact for physics is coming soon.
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Backup Slides
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Flavor Tagging
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Flavor Tagging
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Check for Null Asymmetry

� Null asymmetry         
check on continuum 
sideband and Kπ      
sample.

� Kπ sample

� SKπ :+0.14±0.11

� AKπ :-0.02±0.08



Chin-chi Wang
XXXIX Rencontres de Moriond: 

Electroweak Interactions and Unified Theories 
Mar.21~28 2004

Control Sample for B→φKs
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sin2φ1 measurement
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J/ψ π0 Result
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Time-dependent CP violation for non-CP eigenstates
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B→D(*)π Result

� 2RD*πsin(2φ1+φ3+δD*π) = 0.109±0.057±0.019

� 2RD*πsin(2φ1+φ3-δD*π)  = 0.011±0.057±0.019

� 2RD*πsin(2φ1+φ3+δDπ)  = 0.087±0.054±0.018

� 2RD*πsin(2φ1+φ3-δDπ)   = 0.037±0.052±0.018


