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Neutrinos – Standard model 

  +→Z

Neutrinos interact weakly with matter 



Neutrino Sources

Solar ’s  - MeV Atms ’s  GeV- PeV Extragalactic ’s   PeV- EeV 

Reactor ’s - MeV Accelerator ’s - GeV



Standard Neutrino oscillation

(1957) Bruno Pontecorvo  
 
suggested 

inspired on 

Flavour eigenstates Mass eigenstates

Oscillation Wavelength

Oscillation amplitude Interference phase

Disappearance 

Appearance 

Experimental setup: 
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Standard Neutrino oscillation 



Three-flavor neutrino oscillation
Atmospheric Solar

LBL & atms Reactors  & atms &  LBL Solar & reactorsflavour mass

UPMNS

LBL = Long BaseLinePMNS =Pontecorvo-Maki-Nakagawa-Sakata

Still barely known: 

Mass hierarchy (ordering)  -CP violation phase 



−Quantum decoherence



Beyond Standard Oscillation Physics 



Decoherence in neutrino oscillation 

𝜈1 𝜈2 𝜈1 𝜈2

𝜎𝑥 = size of the detection/production region

𝜎𝐸= QM energy uncertainty of the neutrino state 

𝐿𝑜𝑠𝑐 =
4𝜋𝐸

Δ𝑚2

Coherence (Decoherence) @Production/Detection 



Foamy 
Space-time 

J. Ellis, et al., NPB241 (1984)
J. Ellis, N. E. Mavromatos,  

D. V. Nanopoulos PLB293 
(1992)
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Virtual Black -Holes

Pure state Mixed state 

Non-Unitary Evolution (Decoherence) 

Quantum decoherence   



Quantum decoherence –neutrino system



Quantum decoherence –neutrino system



Quantum decoherence –neutrino system



Quantum decoherence –neutrino system



Quantum decoherence –neutrino system
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CPT and CP symmetry
breaking



CPT and CP symmetries and neutrino oscillations



CPT symmetry – Diagonal Decoherence Matrix (DDM)

J. C. Carrasco, F. N. Díaz, A. M. G, PRD 99, 075022 (2019).



CPT violation-Non Diagonal Decoherence Matrix



Quantum decoherence and CPT violation



CPT violation symmetry 
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CPT violation symmetry
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Revealing
Majorana phases



Quantum Decoherence and Majorana Phases 
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Quantum Decoherence and Majorana phases

J. C. Carrasco, F. N. Díaz, A. M. G, 
PRD 105, 035010 (2022) 



Distortion in the
Oscillation-Parameter

measurements



Quantum Decoherence -DUNE sensitivities
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Quantum Decoherence – T2HK and DUNE
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Quantum Decoherence – T2HK and DUNE
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Open Questions 



Open questions
(from the perspective of neutrino applications)



Open questions
(from the perspective of neutrino applications)
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Open questions
(from the perspective of neutrino applications)



Conclusions
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