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O tliOutline
D0  d PD0 mixing and CPV

Introduction
D0 K PID0->K+PI-
D0->K+K-/PI+PI-
D0->Phi(1020)Ks ( in D0->KsK+K-)D0 >Phi(1020)Ks ( in D0 >KsK+K )
D0->Ks pi+pi-
D0->Ks K+K-

Other charm decays
D0->l+l-D0 l l
D(s)->Ksh+
Ds->K+K+PI-Ds K K PI
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KEKB and BelleKEKB and Belle
Ph i + ϒ(4S) bbPhysics:    e+e–→ϒ(4S)→bb
Reaction cross section: 

σ(bb)  = 1.1 nb, 
σ(cc)   = 1 3 nb

the largest integrated 
luminosity in the world

σ(cc)   = 1.3 nb

Beside B mesons also 
l t l  f h  largest sample of charm 
hadrons
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D0 mixing-IntroductionD0 mixing-Introduction
Standard Model Standard Model 
predictions for x and y

Short distance

SU(3) flavor-symmetry 

Short distance

SU(3) flavor symmetry 
breaking and long distance 
effects may raise both 
parameters x and y,parameters x and y,
Difficult to calculate it.GIM &CKM 

suppression New physics can p y
enhance D0 mixing 
x and y.
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CPV of charm decaysCPV of charm decays
CPV of charm decays in the SM is strongly CPV of charm decays in the SM is strongly 
suppressed by CKM, negligible.

Observation of large O(1%) CPV in charm-decays 
would be a sign of new physics, similar as other would be a sign of new physics, similar as other 
FCNC(Flavor Changing Neutral Current) processes.
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D0 mixing FormulaeD0 mixing Formulae
The time evolution of the Eigenstates D D have masses MThe time evolution of the
System is described: 

Eigenstates D1, D2 have masses M1, 
M2 and widths Γ1, Γ2,

Mixing occurs when there is a
 diff

0 0D D−

as mass eigenstates D1, D2

non-zero mass difference

or lifetime difference

where                       and For convenience define quantities 
x and y:x and y:

where 
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D0 mixing in D0 WS hadronic g
decays: D0->K+PI-

Q=                 - MQ
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D0 mixing in D0 WS hadronic g
decays: D0->K+PI-

CPV is not observed

F  lFit separately
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No-mixing point (0,0) is 
3.9%, significance: 2 



D0 mixing in D0->K+K-, PI+PI-g
Decays

They all have the high signal purity (>90%)
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D0 mixing in D0->K+K-, PI+PI-
Decays

CPV is not observed

significance: 3.2σ, the first evidence 
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D0 mixing in D0->KsPhi 
decays
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D0 mixing in D0->KsPhi decaysD0 mixing in D0 KsPhi decays

it is consistent 
with above 
results(yCP)
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D0 mixing in D0->KsPI+PI-
ddecays

BY measuring the time evolution of Dalitz plot ,  x, y 0 0D K π π+ −→

0 ( ) ( ) ( )H D t t A t A M+

BY measur ng the t me evolut on of Dal tz plot ,  x, y 
can be determined separately, 
D0 decays to final states:

sD K π π→

0
1 1 2 2

0
1 1 2 2

( ) ( ) ( )

( ) ( ) ( )

s H D t e t A e t A M

s H D t e t A e t A M

= + =

= + =

Therefore, the decay rate of D0 is a function of time, it 
includes x and y, where t is in unit of D0 lifetime.
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D0 mixing in D0->KsPI+PI-
ddecays

Significance: 2.2σ for x, current best x value CPV is not observed
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D0 mixing in D0->KsK+K-
d  ( ill b   )decays (will be open soon)

Dalitz plot 
distribution

M2(KsK+) M2(K+K-)M2(KsK-)
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Search for D0->L+L-Search for D0 >L+L
Motivation:  FCNC does not appear in SM on tree level (higher order below allowed)

Certain new physics scenarios allows this process: new particle replacing W boson

Except Family Symmetry
All NP exceed the SM 
prediction

Belle is most sensitive to 
P  

Largest data:
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Search for D0->L+L-Search for D0 L L
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Search for D0->L+L-Search for D0 L L

channel events     bg

New, best upper limits for 
l t i  d  f D0leptonic decays of D0

18D0 mixing and other charm 
decays at belle



Study of D + >Ksh+Study of D(s) ->Ksh+

new best measurements
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Observation of Ds+->K+K+PI-
Motivation: 
1) t b d t  1) not observed yet; 
2) one can look at the double ratio to test 

SU(3) fl  tSU(3) flavor symmetry;
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Observation of Ds+->K+K+PI-

No SU(3) breaking 
effect. 

First observation of 
this decay

9.1 standard deviation 
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ConclusionsConclusions
It seems that there is a clear evidence 
for no-zero y (D0 mixing parameter)
The measurement of x is still a challenge
No evidence of CP violation is observed
The best limits are achieved for leptonic p
decays of D0 (preliminary)
The most precise branch ratios of          p
D(s)

+->Ksh+ are obtained (preliminary)
The first Observation of DCSD inThe first Observation of DCSD in        
Ds+->K+K+PI-.
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Thanks a lot 
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BackupBackup
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Search for D0->L+L-Search for D0 >L+L
SelectionSelection

Optimization
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