
Mixed state geometric phase for neutrino oscillations

Neutrino oscillations represent a phenomenon in which quantum mechanical effects are observed at
long distance scales. This provides us the opportunity to study the quantum mechanical features of this
system  such  as  geometric  phase  and  quantum  coherence  in  a  unique  manner.  In  particular,  the
appearance of geometric  phases  in  neutrino oscillations  have been pointed out  in  several  previous
studies. However, all of them consider the case of pure neutrino states, which cannot be realized in a
typical scenario.       

In this work, we consider the more general case of an incoherent beam of neutrinos, and derive the
expressions for geometric phase in both two flavor and three flavor models. We discussed the geometry
of the state space of neutrino oscillations and its connection with the appearance of a geometric phase.
For two flavor oscillations, the geometric phase is shown to be independent of the Majorana phase,
however for three flavor oscillations the geometric phase shows non-trivial dependence on the Dirac
CP-violating phase. We also show that our results generalize the previously obtained expressions of the
pure  state  geometric  phase  for  neutrino  oscillations  in  vacuum  and  in  non-dissipative  matter.  In
addition,  the comparison between geometric phase and information-theoretic quantum coherence is
also highlighted. 
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Neutrino spin-flavor oscillations in solar environment

In this  paper,  we have studied the phenomenon of neutrino spin-flavor  oscillations  in  the Sun for
neutrinos having sufficiently large magnetic moments ~ 10-11μB.  We have constructed two models for
solar magnetic field based on the current bounds on the magnetic field in different regions of the Sun.
In the first model, one can have large magnetic field in the solar core and it tapers off with distance
from the  center.  In  the  second model,  we have  a  large  magnetic  field  in  the  RZ which  becomes
negligible in the core region and in addition there is a CZ magnetic field. We have also obtained a
novel parametrization for the electron density profile in the Sun, which provides a better approximation
compared to the usual exponential parametrization. 
For the case of zero vacuum mixing and large magnetic field in the solar core, we obtain analytically exact solutions. This allows us to put strong bounds on the magnetic field in

the solar core using results from the Borexino experiment. Also, the difference between the Dirac and Majorana neutrinos is significant only for magnetic fields ~ 105 G or
more. We then examined the effects for the realistic case of large vacuum mixing angle and found that
it  has  an  effect  in  suppressing  the    νe→ ν̄

μ transitions.  The  energy  level  diagrams  distinctly
demonstrate the difference between the two cases. Whereas in the case of small mixing angle we get
enhanced transitions due to adiabatic level crossings. For the latter case of large vacuum mixing, the
eigenstates of the Hamiltonian in the mass eigenbasis do not exhibit such crossing phenomenon. Thus
the dominant terms are the diagonal terms and small transitions take place only in the RZ where the
ratio of the two terms is ~ 0.1. Furthermore, the CZ fields do not affect the neutrino transitions.  The
Borexino results are then utilized to place appropriate bounds on the two models of solar magnetic
field. It is found that whereas the Borexino bounds are too weak to place any upper limit on the RZ
magnetic field, for the solar core magnetic field we are able to place an upper bound B0< 1.1 x 106 G.
This is significant improvement over the existing bounds coming from helioseismology results. 
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