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 Neutrino oscillations experiments can be interpreted 
in a 3ν framework, where the flavor eigenstates are 
linear combinations of the mass eigenstates.  
 The recent measurement of θ13 has open the door to 
CP violation searches in the leptonic sector.     

 Assuming a non vanishing phase, CP violation in 
neutrino oscillations can exists only if the mixing angles 
and the squared mass differences are all different 
from zero.  

 In most oscillation experiments neutrinos propagate 
considerable distances in matter. 

 An accurate description of matter neutrino oscillations 
is an important ingredient in the analysis of the data.  

Motivation 



 For an arbitrary density profile the evolution 
equation for the flavor amplitudes admits no exact 
solution, even in the 2n case. 

 Numerical integrations have been extensively used to 
examine the phenomenon. 

 Analytic solutions still useful. 

Help to save the CPU time. 

Give significant insight into the physics of 
the problem. 

Better understanding of the dependence of 
the oscillations on the neutrino parameters 
and the properties of the medium. 
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At night, neutrinos coming from the Sun reach the 
detector after they propagate through the Earth. 

Adiabatic transformation inside the Sun. 

Loss of coherence in the propagation from the  
Sun to the Earth. 

: Matter mixing angle at the production point in the solar core 
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Conclusions 

 The Magnus expansion for the evolution operator 
(implemented in the adiabatic basis) provides an efficient 
formalism to describe three neutrino oscillations in a medium 
with an arbitrary density profile. 

 This method takes properly into account the Earth matter 
effects on the transition probabilities for neutrinos with a wide 
interval of energies, making possible a simple (and accurate) 
description of such effects in the case of solar and atmospheric 
neutrinos. 

 The same formalism can be applied to the study of other 
situations of physical interest (for example, long baseline 
experiments). 


