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About 50 pages on charm

          Plan on 2023 Report 



Inputs to global fit for D0-D0 mixing
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■ Allowing for CPV, there are 10 fitted parameters: 

x, y, |q/p|, 𝜙, RD, AD, AK, A𝜋, 𝛿, 𝛿K𝜋𝜋 

Observables and underlying fit parameters (I) 
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■ Allowing for CPV, there are 10 fitted parameters: 

x, y, |q/p|, 𝜙, RD, AD, AK, A𝜋, 𝛿, 𝛿K𝜋𝜋 

Observables and underlying fit parameters (II) 
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𝛤DCS/𝛤CF

direct ACP

-2A𝛤



Recent experimental additions 

6JolantaBrodzicka HFLAV @CKM23

■ A𝛤  with D0→K+K- and D0→𝜋+𝜋-, LHCb Run2, (𝜋-tag)

PRD 104, 072010 (2021)

■ xCP, yCP, 𝛥x, 𝛥y in D0→KS𝜋+𝜋-, LHCb Run2, (𝜋-tag) + (𝜇-tag)  

PRL 127, 111801 (2021)    PRD108, 052005 (2023)

■ yCP-yCP(K𝜋) with D0→K+K-, D0→𝜋+𝜋-, Run2, [𝜋-tag) 

PRD 105,  092013 (2022)

■ ACP(D0→K+K-), ACP(D0→𝜋+𝜋-), LHCb Run2, (𝜋-tag)

PRL 131, 091802 (2023)

■ ACP[K𝜋] [→𝛿K𝜋], BESIII 

Eur. Phys. J. C 82, 1009 (2022)

Included in global fit for CKM2023 

[Thanks to Alan Schwartz]



A𝛤  and yCP averages [used in global mixing fit] 
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■ yCP(K𝜋): correction in decay-time distribution for Right-Sign and Wrong-Sign D0→K𝜋 decays

Pajero, Morello JHEP 03, 162 (2022)

                 Schwartz arXiv:2207.11867 



Global mixing fit: versions with CPV
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All CPV allowed 

■ Direct CPV at tree-level [AD], indirect CPV [|q/p|, φ] 
■ Fit parameters: [x, y, |q/p|, φ] 

Super-weak approximation                                                                Kagan, Sokoloff PRD 80, 076008 (2009)

■ No direct CPV at tree-level [AD=0], no subleading phases in SCS [Arg(𝛤12)=0] 
■ One parameter for indirect CPV: φ12=Arg[M12/𝛤12]
■ Dispersive and absorptive mixing parameters: x12=2|M12|/𝛤, y12=|𝛤12|/𝛤 
■ Fit parameters: [x, y, |q/p|, φ]→ [x12, y12, φ12], [x, y, |q/p|], [x, y, φ]
■ Additional constraint: tanφ=(1-|q/p|2)/(1+|q/p|2)(x/y)

More general super-weak approximation                                       Kagan, Silvestrini PRD 103, 053008 (2021)

■ No direct CPV at tree-level [AD=0], subleading phases allowed in SCS [Arg(𝛤12)≠0]
■ Two parameters for indirect CPV: φM

2=Arg[M12], φ𝛤
2=Arg[𝛤12]

■ Fit parameters: [x, y, |q/p|, φ] →[x12, y12, φM
2, φ𝛤

2]  



■ Mixing well established, no indirect CPV, but 𝜙 non-zero at 2.2𝜎   

Mixing fit with all CPV allowed 
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Mixing fit all CPV allowed
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■ 2021                                                                           2023

■ Mostly impact of LHCb Run2 results from D0→KS𝜋+𝜋- and yCP from LHCb Run2  



Mixing fit all CPV allowed
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■ 2021                                                                           2023

■ Mostly impact of LHCb Run2 results from D0→KS𝜋+𝜋-  

■ A𝛤  from LHCb Run2 included in 2021 fit



Mixing fit with super-weak approximation 
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■ Dispersive and absorptive mixing, one parameter for indirect CPV



■ Fit for dispersive and absorptive mixing and indirect CPV

■ Results on mixing parameters similar to those in super-weak limit

Fit with more general super-weak limit
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Results of global mixing fit

14JolantaBrodzicka HFLAV @CKM23

 



Averages of ACP(D→𝜋𝜋)
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■ D0→𝜋+𝜋

■

■

■

■ D0→𝜋0𝜋0

■

■

■ D+→𝜋+𝜋0

■

■ -



Averages of ACP(D→𝜋𝜋)
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■ To be used to test isospin sum rule 



Isospin sum rule for D→𝜋𝜋
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■ Decompose D→𝜋𝜋 decay amplitudes into isospin amplitudes:

A1, A3 isospin amplitudes of 𝛥I=1/2 and 𝛥I=3/2 transitions 

■ Differences of D and anti-D decay rates

■ Sums of D and anti-D decay rates 

Grossman, Kagan, Zupan PRD 85, 114036 (2012)



Isospin sum rule for D→𝜋𝜋
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■ The ratio R of “differences” and “sums”  

■ R corresponds to CP asymmetry in 𝛥I=1/2 amplitude 
■ if R≠0 ⇨ CPV in 𝛥I=1/2 amplitude (from SM penguin)

■ if R=0 and individual ACP’s are non-zero ⇨ CPV in 𝛥I=3/2 ⇨ New Physics

■ Going from amplitudes to BFs and ACP’s

■ Use HFLAV averages for ACP’s and PDG for and BFs 

■ Consistent with zero, error dominated by ACP uncertainties



More sum rules to be tested? 
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■ Building sum rules for D→KK requires considering full SU(3)F multiplet 

■ U-spin sum rules to probe New Physics with 𝛥U=1 [Talk by Ulrich Nierste on Monday]

■ Sum rules for charmed baryons [Talk by Fu-Sheng You on Tuesday]

■ Hence 𝛥ACP equivalent for baryons would be: 

■ 𝛥𝛥ACP=0 in U-spin limit



Summary 
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■ Mixing well established, no significant indirect CPV

■ More HFLAV averages under:

https://hflav.web.cern.ch/content/charm-cpv-and-oscillations

■ 2023 HFLAV Report including results made public till end of CKM2023
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Backup slides



Standard parameterization of mixing 
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Standard parameterization of mixing and CPV
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■   



Super-weak approximation 
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■ No direct CPV at tree-level [AD=0], no subleading phases in SCS [Arg(𝛤12)=0] 
■ [x, y, |q/p|, φ]→[x12, y12, φ12]
■ Additional constraint: 

■ Relations between two parameter sets:

Kagan, Sokoloff PRD 80, 076008 (2009)



A𝛤  and yCP averages [used in mixing fit] 
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A𝛤  world average
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■ 2020                                                                                              2021



More general super-weak approximation 
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■ No direct CPV at tree-level [AD=0], subleading phases allowed in SCS [Arg(𝛤12)≠0]
■ Indirect CPV with two parameters φM

2=Arg[M12], φ𝛤
2=Arg[𝛤12]

■ [x, y, |q/p|, φ] →[x12, y12, φM
2, φ𝛤

2] 

■ Relations between two parameter sets:

Kagan, Silvestrini PRD 103, 053008 (2021)



Mixing parameterization 
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■

Di Canto et al.  PRD 99, 012007 (2019)


