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• CPV in charm decays  

     - Very small in the Standard Model (SM), <O(0.1%) 

     - O(1%) CPV in charm decays would  

       signal new physics 
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CP violation in charm decays 
provides a unique probe  

to search for beyond the SM 

Introduction



 - SM re-scattering dominates 

 SM prediction of the 
mixing  rate is quite difficult  
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Introduction

• Charm mixing 

Probe to search  
for BSM 

• Independent observations of 
the mixing from    

   LHCb, CDF and Belle  
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01)Mixing in D K   PRL 112, 111801 (2014)  

RS decay time at Belle

t resolution : ~0.3 t/τ  ~120 fs 
most of events :~1.0 t/τ  ~400 fs 
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PRL 112, 111801 (2014)  
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 the best fit (point) : 
5σ away from No mixing 

- 1 (line), 3 (dashed-line), and 5 (dots)  

      standard deviations from the best fit (point)  

-  + : no mixing 

 

PRL 112, 111801 (2014)  

01)Mixing in D K  
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0 02)Mixing and indirect CPV in SD K   
-time-dependent Dalitz fit
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-time-dependent Dalitz fit
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-time-dependent Dalitz fit

time-dependent decay matrix elements
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-time-dependent Dalitz fit

time-dependent decay matrix elements
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• ~1.2M signals  

• ~96% purity  

signal PDF:

gaussian and 

asymmetric 

gaussian



signal PDF:

triple-gaussian



PRD 89, 091103 (2014)  
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• best model found to be ; 
    12 relativistic Breit-Wigner’s  
    (P- and D-waves)  
+ K-matrix (ππ S-wave)  
+ LASS (Kπ S-wave)  
    without non-resonant decay 

PRD 89, 091103 (2014)  
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0 02)Mixing and indirect CPV in SD K   
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(410.3 0.6) fsD  

PRD 89, 091103 (2014)  

*(892)K 

0 02)Mixing and indirect CPV in SD K   
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    without non-resonant decay 
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(410.3 0.6) fsD  

-point : the best fit  

-dotted (dashed) :  

   1 (2)σ for CP-conserved fit 

-solid :  

   2σ for indirect CPV-allowed fit 

PRD 89, 091103 (2014)  

0 02)Mixing and indirect CPV in SD K   

*(892)K 
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0 0 03)Time-integrated CPV in D  
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0 0 0(also update CPV in )SD K PRL 112, 211601 (2014)  
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0 0 03)Time-integrated CPV in D  
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0 0 0(also update CPV in )SD K PRL 112, 211601 (2014)  

0 0 0D   0 0 0

SD K 

consistent with No CPV

most precise measurements to date
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Charm CPV and Mixing at BelleSummary

first observation 
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most precise
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CP Violation
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  33.851 0.059 10WSR   



30 

(770)



31 



  

32 

* 0 0

Obtaining  from CPV free resonance data : depends on 

Assume the same  for all charmed mesons 

soft charged  :  and   

f

FB

s s

A f

A

D D K D K



          





  

 

 

* *

* *

      (cos ) ( cos ) / 2  

          (cos ) ( cos ) / 2  

corr corr

corr corr

D f D fD f

CP rec D rec D

D f D fD

FB rec D rec D

A A A

A A A

 

 

 

 

   

   


