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Neutrino masses and mixing status (I)
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Neutrino masses and mixing status (II)
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New Physics in Neutrino oscillations:
Usually the effect of New Physics (NP) are taken into account
assuming factorization of the amplitudes:

Assuming NP given by: 
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Beyond Factorization using QFT (I)
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Beyond Factorization using QFT (II)
Assuming Left‐handed light neutrinos, the most
general Hamiltonian responsable of New Physics is
given by:
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Beyond Factorization using QFT (III)
with

The neutrino propagator:
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Beyond Factorization using QFT (IV)
Let’s assume to have neutrino quasi‐elastic scattering on
nucleons:
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Beyond Factorization using QFT (V)
CP asymmetry assuming that the only sources of CP 
violation comes from (S‐P)x(S+P) terms:

In Standard Model: 

It is interesting that in this case, one recovers
factorization:
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Neutrino‐Antineutrino oscillations (I)
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Neutrino‐Antineutrino oscillations (II)
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Neutrino‐Antineutrino oscillations (III)
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At this point, the term kl.p2 breaks the factorization assumption as it
depends on the angle between the momentum of the muon and of the
lepton going out at detection. 



Neutrino‐Antineutrino oscillations (IV)
If the hypothesis that neutrino and antineutrino 
interactions with nucleons are identical, CP 
asymmetry is independent of the breaking of 
factorization :

Assuming 2 generations, one gets:
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Application to MINOS results:

See, http://theory.fnal.gov/jetp/talks/Hartnell.pdf
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Conclusions:
If Majorana neutrinos do exist,              processes like neutrino‐
antineutrino oscillations can occur. The production of leptons 
with same charges at the production and detection vertices of 
neutrinos will be a clear manifestation of these processes.
The time evolution probability of the whole process is not 
factorizable into production, oscillation and detection 
probabilities, as is the case in neutrino oscillations.
For very short times of propagation of neutrinos, the 
observation of muon+ muon + events would lead to a direct 
bound the effective mass of muon Majorana neutrinos.
Neutrino experiments aiming to measure neutrino‐antineutrino 
oscillations with different short‐ and long‐baseline setups can 
be useful to get direct and complementary constraints on the 
masses and phases of Majorana neutrinos.
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