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Motivations

• What are the current experimental constraints on 
right-handed neutrino masses?

• What are the consequences of right-handed 
neutrinos masses much smaller than Dirac neutrino 
masses?

• What are the consequences of the first Borexino 
experiment measurement of the 7Be neutrino flux?



What is the Pseudo-Dirac Neutrino?

• In normal see-saw mechanism, the mass 
matrix for neutrino is:

• In the Pseudo-Dirac case, M is much smaller 
than yv; therefore, the mass spectrum are 
nearly degenerate.

Where y is the Yukawa coupling, v is the expectation 
value of the Higgs field and M is Majarona mass which is 
much larger than y*v to account for tiny neutrino mass.



Diagonalization

• General n active and n sterile neutrinos case



The diagonalization for the 2+1 case in 
vacuum.

The 2+1 case



Neutrino Propagation

• In vacuum( for simplicity, just two active neutrinos)

In matter( inside the sun)



Evolution of simultaneous Hamiltonian eigenstates in 
the case of 2 active neutrinos
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Transition Probability in Active Neutrinos only 

(from A. de Gouvêa, hep-ph/0411274)  



Evolution of simultaneous Hamiltonian eigenstates in 
the case of 2 active and 1 sterile neutrinos

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

10−13

10−12

10−11

10−10

R(in units of the radius of the sun)

Ei
ge

nv
al

ue
s(

ev
 2 /M

eV
)

 

 
!1
!2
!3



Evolution of simultaneous Hamiltonian eigenstates in 
the case of 2 active and 2 sterile neutrinos
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Transition Probability in 2+1 case



Results for 2+1 case
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Results for 2+1 case
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Experimental data

• Super-K elastic-scattering  

• SNO phase-III charged-current and neutral-
current 

• Borexino 

• GALLEX+GNO

• Homestake
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Chi-Squared Fit
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Conclusion
• We analytically diagonalized the neutrino 

mass matrix in the limit of the small 
Majorana mass term.

• By using a special basis, the resonance region 
could be identified and the transition 
probability could be computed analytically.

• Constraint on right-handed Majorana masses 
(from solar data): M<10-9 eV(for 2+1 case)


