
Unveiling the Majorana nature of 
neutrinos via precision measurement of 

the CP violation  

Alberto M. Gago 
Pontificia Universidad Católica del Perú 

July 28th 2021    

NuCo 2021: Neutrinos en Colombia  

Universidad del Atlántico   



Outline 

• Introduction 

• Quantum Decoherence Neutrinos 

• Neutrino Oscillation Probabilites   

• Simulation and Analysis details 

• Results 

• Summary 

   

 

 

 

 

 



Decoherence-Examples 

𝑥 𝑡 = 𝑥0 𝑒
−𝜆𝑡cos (𝑤𝑡 + 𝜙)  

Classical  

Quantum Optics  

Damping signature of decoherence 



“Standard” decoherence – 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  

Coherence (Decoherence) @Propagation  



Foamy  
Space-time  

J. Ellis, et al., NPB241 (1984) 
 J. Ellis, N. E. Mavromatos,   
D. V. Nanopoulos PLB293 
(1992) 

F. Benatti and R. Floreanini, 
JHEP 0002 (2000) 032 

Virtual Black -Holes 

Pure state  Mixed states  

Decoherence  

Quantum decoherence    



Quantum decoherence as solution of n data  

Super-Kamiokande (atmospherics n) 

Pure decoherence 

Liquid Scintillator Neutrino Detector (LSND) 

Solution LSND: Decoherence ⨁ Oscillation 

G. Barenboim and  N. Mavromatos JHEP 0501:034,2005  

E. Lisi, A. Marrone, and D. Montanino,  PRL 85, 1166 (2000). 



Quantum decoherence - Neutrinos    



Quantum decoherence - Neutrinos 

 Lindblad  Master Equation 
Density matrix    

Dissipative term   

Interaction 

Environment 

  𝜈  
Neutrino  

Unitary Evolution Non-Unitary Evolution (irreversible)  

F. Benatti and R. Floreanini, JHEP 0002 (2000) 032 

Complete Positivity  Trace Conservation  Irreversibility   



Quantum decoherence - Neutrinos 



Solving Neutrino Oscillation Probabilities:  
Standard Mechanism (SO)  Decoherence (DE)  



Neutrino Oscillation Probabilities SODE 

Phenomenology  

A.  Capolupo, S. M. Giampaolo and G. Lambiase, PLB 792, 298 (2019). 

R.L. N. De Oliveira, M.M. Guzzo, P.C. De Holanda, PRD 89, 053002(2014). 

F. Benatti and R. Floreanini, PRD 64, 085015(2001). 



Neutrino Oscillation Probabilities SODE 

CPT violation symmetry  

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



Neutrino Oscillation Probabilities SO DE 

Majorana phases  

J. C. Carrasco, F. N. Díaz, A. M. G, arXiv:2011.01254   



Neutrino Oscillation Probabilities:  

Standard Mechanism(SO)  Quantum Decoherence (DE)  



CP Violation Asymmetry 



Four detectors of Liquid Argon  

n-detection n-production  

Experimental Scenarios 

Fermilab 



Signals and Backgrounds – Time exposure 



Statistical Analysis 
 

Theoretical Hypothesis  Data     
Test values 

True values 

With priors (up to 3s): 



DUNE versus Tokai to HyperKamiokande (T2HK)  

J. A.Carpio, E.Massoni, 
A. M. G, PRD100, 

015035 (2019) 
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DUNE versus Tokai to HyperKamiokande (T2HK)  

J. C. Carrasco, F. N. Díaz, A. M. G, arXiv:2011.01254   



Constraining the Majorana phase at DUNE  

T2K collaboration,  
Nature, 580, 339(2020). 



Summary 




