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CP violation

CP is violated in Standard model via quark mixing   



Unitarity triangle



B-factories



Integrated luminosity

  Belle
~770 BB

  BaBar
~470 BB



Types of CP violation in B(D) system

-Direct CP violation  in decay(neutral and charged)

-CP violation  in mixing(neutral)

-CP violation via interference between mixing  and decay(neutral)



-B-B are produced in quantum-entangele state

-Assymmetric B-factories allow  to determine ∆t via ∆z

Mixing-induced CPV-measurement at B-factories

-Together with direct CPV assymmetric B-factory allows to 
measure mixing-induced CPV 



B→charmonium+K0 mode (φ
1
(β)-angle)

Mbc and ∆E are good kinematic 
variables 



B→charmonium+K0 mode (φ
1
(β)-angle)

PRL 108, 171802(2012) PRD 79, 072009(2009)



B→charmonium+K0 mode (φ
1
(β)-angle)



New penguin B→ω(η ')+K0 modes



B→ωK0

-B0→ωKS is CP=-1 final state

-Extended maximum  likelihood 
fit with 7 variables:



B→ωK0

-First evidence of CP violation in B0→ωKS 

-Consistent with SM 

PRD 90, 012002 (2014)



B→η 'K0

→

 Two modes: B0→η 'KS (CP=-), B0→η 'KL (CP=+)

                                Decay chain:

B0→η 'KS :∆E,Mbc, RS/B

B0→η 'KL :pB
cms, RS/B

  



B→η 'K0

-most precise measurement of penguin amplitude 

-consistent with SM 

Pre
lim

inary



Summary of penguin modes for Φ
1

No evidence of New Physics at current level sensitivity 



B0→π+π - , Measurement of Φ
2
(α)

-Both tree and penguin 
amplitudes contribute

-No clean Φ2 extraction

B0→π+π -

-Extended maximum  likelihood 
fit with 7 variables:



PRD 87, 052009(2013)PRD 88, 092003(2013)

B0→π+π - , Measurement of Φ
2
(α)



B0→π0π0 , Measurement of Φ
2
(α)

-Simultaneous fit: ∆E, Mbc,Tcon

-Essential background from offtime ECL showers

-Suppressed by using ECL timing information 

t

Consistent with SM

Pre
lim

inary



 Measurement of Φ
2
(α)



 Measurement of Φ
3
(γ )



 Measurement of Φ
3
(γ )



Results of B-factories and LHCB



 Direct CPV in Dalitz B+→K
S
π0π+ 

-Several resonances

-overlapping resonances 
give sensitivity to phases 

-Isobar model for resonance 
description

-D→Kπ background is suppressed by veto 

-DP is subdividedd in regions described by 

different pdf's

32 000 events 

1014+-63 signal events 

-First evidence CPV

in B+→K*+π0 (3.4σ) 

-Acp B
+→K*0π+ 

consistent with 0

Pre
lim

inary



 CPV in mixing 
PRL 111, 102802(2013)



CPV in D mesons

-At B-factories production of D mesons is of the same order as of B

-CPV in charm expected to be small 

-Flavor tagged D are taken from D*+→D0π+
slow

-Observables:  MKπ and ∆M=MKππslow-MKπ

Experimental techniques:

-Time-dependent analysis:

    Difference in decay time distribution of D-f and D-f

-Time integrated analysis:

    Difference in time-integrated decay rates of D-f and D-f



 Study of D0→K
S
π -π+ 

No evidence of CPV

PRD 89, 091103R(2014)

921 fb-1



 Study of time-integrated CPV in D+→K+K-π+ 
PRD 87, 052010(2013)



 ACP in D0→π0π0  and D0→K0
S
π0

PRL 112, 211601(2014)



Energy:     4 GeV (e+)      7 GeV (e-)

Current:     3.6 A               2.6 A

Crossing angle/2:     41 mrad

Luminosity:             8x1035 cm-2s-1

Energy:     3.5 GeV (e+)      8 GeV (e-)

Current:     1.6 A               1.2 A

Crossing angle/2:     11 mrad

Luminosity:              2.1x1034 cm-2s-1

KEKB upgrade



Summary
   -Data of CPV in B and D mesons are well described by 

SM via the  CKM mechanism

  -Angles of Unitarity triangle have been measured with 

high accuracy (<1o, ~4o, ~8o)

  -B-factories continue to analyse full data sets

  -Search for CPV (and NP) is performed in penguin 

dominated charmless decays

  -Search of CPV continues in D decays

  -Even more exciting results will be obtained after Belle II 

at superKEKB will start 

 
   

-B-factories continue to analyse full data set
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