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1. Consider the seesaw mechanism with three left handed neutrinos and n

right handed neutrinos. Let the neutrino Dirac matrix be [mD]3×n and
the Majorana matrix for the right-handed neutrinos be [MM ]n×n, where
the subscripts give the dimensions of the matrix. The net neutrino mass
Lagrangian is then

−Lm =
(
[

νC
L

]

1×3
[νR]1×n

)

[M](3+n)×(3+n)





[νL]3×1
[

νC
R

]

n×1



 .

(a) Write the effective neutrino mass matrix M explicitly in terms
of mD and MM (block form). For all the matrices, denote their
dimensions explicitly.

(b) Show that the matrix
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
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is unitary, as long as all the elements of [W ]3×n are small (so that
elements of the order (Wij)

3 can be neglected).

(c) Let U be used to block-diagonalize M, such that

UT
MU =

(

[mLL]3×3 [0]3×n

[0]n×3 [mRR]n×n

)

.

Neglecting terms of the order of [Wij]
3 and higher, determine the

“mixing angle matrix” W , the “light neutrino mass matrix” mLL,
and the “heavy neutrino mass matrix” mRR, in terms of the ma-
trices mD and MM . Note that matrices do not commute, so the
order of multiplication needs to be taken care of.

(d) Write down the light neutrino mass eigenstates in terms of the
flavour eigenstates [νL], [νC

R ], and the mass matrices mD, MM .
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