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CKM matrix formalism

Electroweak eigenstates and mass eigenstates are not the same in the SM 
(Spontaneous Symmetry Breaking).

Flavour Changing Neutral Currents (FCNC) are not allowed at tree-level in the SM.

Family mixing is given by the Cabibbo-Kobayashi-Maskawa (CKM) matrix
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CKM matrix formalism

Unitarity of the CKM matrix implies there are 3 mixing angles and a complex CP 
violating phase.

Wolfenstein parametrization is an approximate representation that shows more 
explicitly the CP violating effects.



CP violation in the quark sector
While violation of the CP symmetry has been well 
established experimentally for Kaons [1964] and B 
mesons [2001].

Several measurements have allowed to constraint the 
mixing and CP violating parameters in the SM. But 
not many results from the charm sector.

In 2007 Belle and BaBar published measures of                                                     
mixing. Since then the effect has been confirmed by 
CDF and LHCb.

Physical Review D 91.7 (2015)



Observation of CP violation in charm

Earlier this year the LHCb collaboration reported a measurement of CP violation in 
the decays

Finding a CP asymmetry of

This is the first measurement of CPV in decays of charm hadrons.

Physical Review Letters 122.21 (2019)



Dalitz Plot Analysis

A representation of the phase-space of a three-body decay for spin-0 particles in a 
two-dimensional plot.

In a three-body decay there are only 2 independent degrees of freedom.



Dalitz Plot Analysis

Density of points in the Dalitz Plot 
depends on the structure in the invariant 
amplitude.

Here the intermediate states are shown as 
bands on the Dalitz Plot.

If there is CPV for a process

Cleo Phys.Rev.D78:072003,2008

D+→K-K+π+



Isobar Model

The total decay amplitude is expressed as a coherent sum of processes 
where one daughter is spectator.

Intermediate states are modeled using a relativistic Breit-Wigner distribution.
This approximation doesn’t preserves unitarity.



Model Independent Methods

Miranda Procedure

In the absence of asymmetries in the Dalitz Plot the          distributes as a Gaussian 
with zero mean and unit width.



Model Independent Methods

Miranda Procedure

LHCb, Phys. Rev. D 84, 112008 (2011)

4° of CPV
along the 
𝜙𝜋 phase.



Adaptive binning

LHCb, Phys. Rev. D 84, 112008 (2011)

Sensitivity to the manifestation of CP violation is changed depending on the 
binning choice.



A study of the decay D+→K-K+π+

A binned Dalitz Plot analysis using the Miranda Procedure is proposed.

CLEO-c model is used to generate a toy MC sample for the particular process.

Cleo Phys.Rev.D78:072003,2008



A study of the decay D+→K-K+π+



Summary

CP violation studies in heavy flavoured mesons are an important way to constraint 
and test the SM.

In the charm sector this effect is not as well measured as in Kaon and B meson 
systems. Greater statistic is needed.

Model independent methods like Miranda can increase the sensitivity to CP detection 
for these kind of processes. In this method, an optimum binning method must be 
used.



Bibliography

❏ Göbel, C.  arXiv:1704.06362 [hep-ex].

❏ Charles, J. et al.  Physical Review D 91.7 (2015).

❏ Aaij, R. et al. (LHCb collaboration) Physical Review Letters 122.21 (2019).

❏ Aaij, R. et al.  (LHCb collaboration)Physical Review D 84.11 (2011).

❏ Rubin, P. et al.(CLEO-c collaboration) Physical Review D 78.7 (2008).


