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 CPV in the quark mixing matrix 

 CPV from the complex phase in the quark mixing matrix:

Unitarity Triangle

φ1(β)

φ2(α)

φ3(γ)

VtdV*
tb

VcdV*
cb

VudV*
ub

 B→J/ψK0 
 B→φK/η'K/KKK
 B→D(*)D(*)
 B→J/ψπ0

 B→ππ 
 B→ρπ 
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 The time-dependent CP asymmetries 

Time Dependent Measurement
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B0

B0

fcp  J/ψ Ks, ...

Sf = sin2φ1 if fcp = J/ψK

Indicates direct CP violation
Af = 0 if fcp = J/ψK
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 Principle of the measurement 

 Full reconstruct one of the CP-eigenstate as the CP-side.
 The b-flavor is determined by the accompanying B meson.
 Determine the CP parameters by the ∆t distribution.

Time Dependent Measurement
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 Belle2003 : b → ccs sample 

 140fb-1, 152M BB pairs.
 2911 ξf = −1 events included in the fit.
 J/ψ KL: 2332 with a purity of 60% 

Measurement of φ1(β)
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 Belle2003 : b → ccs results 

Measurement of φ1(β)
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sin 2
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1

� 0.733
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0.057
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0.028
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ccs

� 1.007
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0.041 stat.
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 Belle 2003 summer 
     140fb-1 result.
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 BaBar2002 : b → ccs results 

Measurement of φ1(β)

sin 2

�

1

� 0.741
�

0.067

�

0.034
 81 fb-1 result.
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 Trees 

CPV in b → ccd Decays

 The b → ccd decays have the same
     CP phase of B → J/ψ Ks, but may have 
     penguin contributions. 
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 Belle 140fb-1 results 

CPV in B → J/ψ π0
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 BaBar 81fb-1 results 
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CPV in B → J/ψ π0
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 BaBar 81fb-1 results 
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 BaBar 81fb-1 results 
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CPV in B → D*+D−
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CPV in b → sqq Decays

 Search of CPV in B → φKs/KKKs/η'Ks.
 For pure b → s penguin in SM, S = -ξf • sin2φ1.
 Bf of η'K (~6x10-5) is larger than the theory prediction.

 Penguin dominated decays 

B0

Probe for new physics in 
b → s penguin decays,
      if sin2φ1(ccs) ≠ S(sqq) 
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CPV in B → η'Ks

S � ' K

� 0.43

�

0.27

�

0.05

A � 	 0.01




0.16




0.04(                                     )

�
�������������
�������������

� � !#" $ % & &(' % )

 Belle 140fb-1 results 

*,+ -
. $ /10 23 ) ' /10 /4 5

687 + - 9: ;< = - ;> =

+ ?A@ BDC %φ E F



��� ��

K.F.Chen, WIN'03, Oct. 7th, 2003  

CPV in B → η'Ks

S � ' K

� 0.02
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 BaBar 81fb-1 results 
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CPV in B → KKKs (φKs excl.)

S KKKs
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CPV in B → φKs
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CPV in B → φKs
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CPV in B → Ksπ0

S
Ks �0

� 0.48 � 0.47
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0.38 �
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C � 0.40 � 0.28
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 Babar 110fb-1 results 
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Summary of φ1(β) Measurements
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Summary of φ1(β) Measurements
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Summary of φ1(β) Measurements

 Prospects of sin2φ1 from b → ccs and sqq from Belle 
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Measurement of φ2(α)

 CPV in B → ππ 
ACP t � A � � cos

�

m t � S � �sin

�

m t

	�
 e 2i

�

2

A 
 
 � 0
S � � � sin2

�

2

��� e 2i

�

2
1 � P �

T e i

�

e i �

1 � P �

T e i

�

e

� i �

A � � � sin

�

S � � � 1 � A � �sin2

�

2
eff

���� �  ! "$# �� � � % &� !' ( ) ! *� ",+ -� . -  φ /

0 !� � . )21  1 3 ) ! + !+ "$# 1 ) 1 4

1
2

A B 0 56 7 6 8

A B 0 9: 0: 0

A B 0 56 0 6 0

1
2

A B 0 56 7 6 8

A B
; 9: ; : 0 < A B

= 9: = : 0

2θ θ = |φ2 > φ2eff|
� ),? � @ .� 3� ! .� ! - A & + 1 # ? ? � - � # ) ! B

→ π Cπ D

� E� F � + ! G E ) !' H � + G - )  ! 1  H

B

→ π+π− I

π+π0 I

π0π0 G+ ! F�

( 1 � . -  G  ! 1 - � + ) ! φ /



��� ��

K.F.Chen, WIN'03, Oct. 7th, 2003  

CPV in B → ππ

 Belle 78fb-1 Results 

�

ππ
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CPV in B → ππ

 BaBar 113fb-1 Results 
�
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CPV in B → ππ

 Constrain on φ2(α) 
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 CPV in B → ππ 

Summary of φ2(α) by B → ππ
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Measurement of φ2(α) by B → ρπ

 Time-dependent CPV in B → ρπ 
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Measurement of φ2(α) by B → ρπ

 BaBar 110 fb-1 results 
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 CPV in B → ρπ 

Summary of φ2(α) by B → ρπ

 Hint of direct CP violation:

 Based on a quasi 2-body decay analysis.
     (With only B → ρ+π− and ρ−π+, and the interference region
      is removed.)
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Conclusion

 Large CP violations have been measured in b → ccs 
     channels by B factories, and are consistent with CKM 
     framework.

 Hint of new physics phase in b → sqq penguin decays.
     Need to be checked with more data from both experiments.

 CPV measurement in B → ππ channel has been established
     successfully. It's necessary to have more data to 
     constrain on φ2.

 Need full Dalitz analysis for B → ρπ to extract φ2. 
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Look forward to high luminosity 
B factories in the future.
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Figures for φKs
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Backup Slides

 ∆t distributions of B → φKs events 

��� � � 	�
 �
 �� � � 	 
 �




��
�

� �

Figures for φKs
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Backup Slides

 Raw asymmetry plots 
 of B → φK+ events 

 Expected errors by toy MC 


