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Outline
• Motivation


• DDbar mixing misunderstood in theory 


• D-Dbar Mixing in an exclusive approach


• Large flavor SU(3) breaking effect in 
factorization-assisted topological-amplitude 
approach 


• Conclusions

A.Kagan’s talk tomorrow



Mixing

• The time evolution 

• Mass eigenstates in terms of weak eigenstates

• Mass difference and Width difference
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Experiment vs. Theory
• Current world average results

[HFAG, 2014]
✴ If CP is conserved 

✴ If CP violation is allowed
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• So far, quantitatively theoretical calculation 
can just reach to the order of x~y~0.1%

[Bigi et al, 00’; Lenz et al, 10’; Cheng et al, 10’]



Inclusive approach:                

[Bobrowski, Lenz, 09’]
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x~10 -6

quark level

x~(ms/mc)4 y~(ms/mc)6

 [Lenz,et al, 10’]

Heavy Quark Expansion

Short-distance contributions are small



Exclusive Approach
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Sum up all the intermediate states
➭ To predict Branching fractions well

[Falk,Grossman,Ligeti,Petrov, 02’]



Exclusive Approach
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Sum up all the intermediate states

• SU(3) breaking effect from phase space 
[Falk,Grossman,Ligeti,Petrov, 02’]  

• Topological diagrammatic approach          
[Cheng,Chiang, 10’] 

• U-spin breaking effect [Gronau, Rosner, 12’]

ππππ v.s. KKKK



Naive Expectation

• Well description of SU(3) breaking is a 
central issue
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0.22 0.32 0.4%~×
Exp:

[Falk,Grossman,Ligeti,Petrov,2002]

[Paul’s talk yesterday]



Problem on dynamics 
•  mc ~ 1.3GeV


 Neither heavy enough for heavy quark  
expansion, 1/mc

Nor light enough for chiral perturbation 
theory


• QCD-inspired methods do not work: HQET, 
QCDF, PQCD, SCET.
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Large nonperturbative contributions



Factorization-Assisted 
Topological-Amplitude Approach
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[Cheng, Chiang, 10']
[Bhattacharya, Rosner, 08’,10’]

[Schacht’s talk tomorrow]



Factorization-Assisted 
Topological-Amplitude Approach

• Calculate each 
topological amplitude 
in factorization:


• Short-distance 
dynamics: Wilson 
coefficients


• Long-distance 
dynamics: hadronic 
matrix elements
[Li, Lu, FSY, 1203.3120]10

[Cheng, Chiang, 10']
[Bhattacharya, Rosner, 08’,10’]

[Schacht’s talk tomorrow]



Emission Amplitudes

• Color-favored Tree (T) 

• Color-suppressed (C)

Non-‐factorizable

11 [Li, Lu, FSY, 1203.3120]

SU(3)	  	  
breaking	  	  
effects



W-annihilation (A)
W-exchange (E)

Dominated by non-factorizable contribution

nonperturba1ve	  	  
contribu1ons	  
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E:
A:

Factorization-Assisted 
Topological Approach

[Li, Lu, FSY, 12’]



W-annihilation (A)
W-exchange (E)

Dominated by non-factorizable contribution

EA χχ ~

13

E:
A:

sq χχ ≠

SU(3)	  	  
breaking	  	  
effects

[Li, Lu, FSY, 12’]

subscripts: quark pairs produced from vacuum 



W-annihilation (A)
W-exchange (E)

Dominated by non-factorizable contribution
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E:
A:

sq χχ ≠

SU(3)	  	  
breaking	  	  
effects

[Li, Lu, FSY, 12’]

Glauber strong phase for pions 

+Sπ

+Sπ

Goldstone boson? 
qqbar bound state?pion=>



Much and precise 
experimental data

To extract nonperturbative 
parameters from data

PP: 12 parameters for 28 data  
PV: 14 parameters for 33 data

more dynamics 
more predictive



Singly Cabibbo-suppressed modes

 agree well with experiments

More SU(3) breaking effects included

16 [Li, Lu, FSY, 1203.3120]

(×10-3)



D-Dbar Mixing 

in an exclusive approach
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Back to our topic in the end



vanish in the SU(3) symmetry limit
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More decay modes [Qin, Li, Lu, FSY, 14’]



Our results

• Experimental data

prelim
inary
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[HFAG]Exp:

Outlook 1: uncertainties to be studied 
Outlook 2: contributions from other modes



More efforts required for experimentalists
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[PDG]

D0 decay branching fractions

two-body decays dominated

ηCP : + + +, S,D + -
-, P wave

to measure VV, PA, PS modes

Longitudinal

Exp:

Estimation:



x from dispersion relation
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In the heavy quark limit

[Falk,Grossman,Ligeti,Nir,Petrov,2004]



x from dispersion relation
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x from dispersion relation
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0

mD

mB vanishes due to SU(3) symmetry

dynamics required

Simulate nearby mD

√s



Summary
• Two-body D meson decays are well 

studied in Factorization-Assisted 
Topological-amplitude approach.        
SU(3) breaking effects are well described.

• D-Dbar mixing parameter y can be 
understood in an exclusive approach.

• More efforts for experimentalist are 
required to measure VV, PA and PS modes

• More efforts on dynamics are required for 
mixing parameter x

Thank you for your attention!
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Backup



Glauber	  phase
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Main difference



Result of CP asymmetries
• Difference of CPV in D->KK and D-> pipi  


• Our prediction:

310)87.1~57.0( −×−−=Δ CPA
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[Li, Lu, FSY,12’]

[HFAG2014]

• After our prediction, the world average value 
is lowered down by the LHCb results

Exp:


