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Why CP violation is interesting?

• CP violation is well known in mesons formed by down quarks as Kaons and B mesons.

• CP violaton has been confirmed in 2019 in D mesons but still poor data on other channel decays. D mesons is not a very
good oscillator compared to K or B mesons. 

• CP violation is needed to produce the Baryon Asymmetry of the Universe. A door to AstroParticles Physics. 

• New experiments (LHCB, BELLE 2,…) will strongly improved experimental data on B, D and tau decays.

• Indices of CP violation needed in PMNS Lepton mixing matrix. 

• Still many theoretical questions unanswered on how to compute correctly SM contributions to CP asymmetries.

A DOOR TO NEW PHYSICS 



Necessary and suficiente condition to observe a CP asymmetry: 



CP violation in SM (I): YUKAWA COUPLINGS AND ckm MIXING MATRIX 

Condition to have CP violation in SM:

Unitarity of the V matrix



CP violation in sM (II): Cabibbo Kobayashi Maskawa matrix



• QCD anomaly and Strong CP probLEM

Axial current is not conserved in 
QCD.

General Yukawa coupling QCD Axial Anomaly

Electric Dipole Moment
of neutron



CP violation in Leptonic sector 

• Some hints for a no-zero CP violation phases
• Majorana phases could only appear in process violating the lepton number por 2 

units.

Observables sensitive to
Majorana Phases



Baryogenesis and Sakharov Conditions (I).



Baryogenesis and Sakharov Conditions (II).

Sakharov’s conditions (1967):
to be out of thermal equilibrium

to have C and CP violation

to violate Baryon number

SM has B+L violations through sphalerons, has CP violation but Higgs mass too high to have a strong enough first order
electroweak phase transition.



Baryon asymmetry of the Universe and Dark Matter



Two body non leptonic D decAYS:
Two body non-leptonic D decays can be sorted according to the suppression factor 𝜆𝜆 ≃ 𝑉𝑉𝑢𝑢𝑢𝑢 ≃ 𝑉𝑉𝑐𝑐𝑐𝑐 into:

1. Cabibbo. Favored (CF):  
• The effective hamiltonian is proportional to 𝑉𝑉𝑐𝑐𝑐𝑐∗𝑉𝑉𝑢𝑢𝑢𝑢 , for instance: 𝐷𝐷+ → 𝐾𝐾−𝜋𝜋+𝜋𝜋+ , 𝐷𝐷0 → 𝐾𝐾−𝜋𝜋+

• The CP asymmetry in  SM is very suppressed.

2. Singly Cabibbo-suppressed (SCS)
• SCS decay amplitudes  involve the CKM elements 𝜆𝜆𝑞𝑞 = 𝑉𝑉𝑐𝑐𝑐𝑐∗ 𝑉𝑉𝑢𝑢𝑢𝑢 with q=d, s or b. Examples:  𝐷𝐷0 →
𝐾𝐾𝑆𝑆𝐾𝐾0∗,𝐾𝐾𝑠𝑠𝐾𝐾𝑠𝑠

• CP asymmetry can be as large as 3 × 10−3

3. Double Cabibbo suppressed (DCS)
• The effective hamiltonian is proportional to 𝑉𝑉𝑐𝑐𝑐𝑐∗ 𝑉𝑉𝑢𝑢𝑢𝑢, for instance:, 𝐷𝐷0 → 𝐾𝐾+𝜋𝜋−

• The CP asymmetry in  SM is very suppressed

Delepine, D., Faisel, G. & Ramirez, C.A. Direct CP violation in 
D+→K0(K¯0)π+ decays as a probe for new physics. Eur. Phys. J. C 80, 596 
(2020)



Direct CP violation in D Mesons and New physics :
For CF decays q=s and q’=d while for DCS decay q=d and 
q’=s

What about strong phases?

Very
small
strong
phases



CP violation in Charm Decays:

Delepine, D., Faisel, G. & Ramirez, C.A. New physics signature in D0(D¯0)→f effective
width asymmetries. Eur. Phys. J. C 79, 597 (2019).



New Physics and tau decays (I): 

There is a 2.8 sigma discrepancy that may indicate the presence of direct CPV, absent in the SM. However 
experimental details as the efficiency in the KS detection has to betaken into account properly as was pointed 
out by Grossman and Nir and G. Calderon et al. Any real discrepancy is direct CPV and therefore is new 
physics (NP) and it should be present in related channels:

Delepine, D., Faisel, G. & Ramirez, C.A. Exploring new physics
contributions to CP violation in τ−→K−π0ντ. Eur. Phys. J. C 81, 368 
(2021).



New Physics and tau decays (II): 

V. Cirigliano, A. Crivellin, M. Hoferichter, A no-go theorem for
non-standard explanations of the τ → KSπντ CP asymmetry.
Phys. Rev. Lett. 120(14), 141803 (2018). arXiv:1712.06595 [hepph]

To evaluate the tensorial form factor we used the
following ref.:



New Physics and tau decays (III): 



Last but not least: CP violation and Neutrinos?

• Dirac vs Majorana neutrinos 

Distinguishing Dirac and Majorana neutrinos with astrophysical fluxes, J Barranco et al 2020 J. Phys. G: Nucl. Part. 
Phys. 47 035201

Used  neutrino astrophysical fluxes to look for
difference in cross sections. 



Open Questions

• How to determine the strong phases in Mesons decays and form factors in tau decays. To answer to it, 
Theoretical physicists need to be closer to experiments.

• D mesons: a windows to New Physics reachable at next generation of experiments (Belle 2, LHCB,….)
• Majorana vs Dirac neutrinos: what about CP violation?
• Where to look for indirect access to leptonic CP violating phases?
• Is it possible to relate the CP violation needed for Baryogenesis to low physics experiment.
• Dark matter vs CP violation, related through Baryogenesis?
• And many more……………………………………….
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