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Abstract. We investigate symmetries in Dirac and Majorana mass matrices of neutrinos in a three-
generation scenario. We show that if we invokeLe+Lµ �Lτ �S2R symmetry, one combination of
right-handed neutrino states remains massless which can be interpreted as a sterile neutrino. Next we
consider aSU(2)L �U(1)Y�U(1)R gauge model and show how higher-dimensional operators can
induce mixing between left- and right-handed states which explains solar, atmospheric and LSND
experimental results.
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1. Introduction and brief summary

Solar [1], atmospheric [2] and LSND [3] oscillation experiments point towards the follow-
ing neutrino mixing pattern [4]. Best fit values for∆m2

�
;∆m2

Atm and∆m2
LSND are given by

4:5�10�5;3�10�3 and 1 eV2 respectively along with an approximate mixing pattern of
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0:53 0:0 �0:76 0:38
0:85 0:0 0:47 �0:24
0:0 0:707 0:32 0:63
0:0 0:707 �0:32 �0:63
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νe
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1
CA : (1)

Here ν1 and ν2 are light mass eigenstates whereasν3 and ν4 are heavier eigenstates
with massO(1) eV. Then in our notation∆m2

�
= jm2

1�m2
2j;∆m2

Atm = jm2
3�m2

4j and
∆m2

LSND � jm2
1�m2

3j. The zeros ofe� µ sector in eq. (1) should be filled by small
entries for LSND transition to happen. KARMEN experiment [5] has narrowed a part of
LSND parameter space and in the near future mini-boon experiment will settle the issue of
νe$ νµ oscillations [6] reported by LSND.
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2. Formalism and flavor symmetries

We use(Le+Lµ �Lτ)�S2R whereS2R symmetry acts on e andµ generations. Then we
can write Dirac and Majorana type mass matrices as,

MD =

0
B@

νe
R νµ

R
ντ

R

νe
L k k 0

νµ
L

k0 k0 0

ντ
L 0 0 m33

1
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R

νe
R 0 0 M

νµ
R

0 0 M
ντ

R M M 0

1
CA: (2)

Now we can apply see-saw mechanism to these matrices and get light neutrino matrix

Mν = �MT
DM�1

R MD: (3)

This is the so-called type I see-saw formula [7]. On the other hand whenM R andMD
matrices have zero eigenvalues, one must ‘take them out’ of the matrix before using the
see-saw formula. As was noted in [8], this turns out to be the case when there are leptonic
symmetries such as the one we are considering. After see-saw light neutrino matrix is [9]

M =

0
BB@

ν 0e ν 0µ ντ
L νs

ν 0e 0 0 m 0
ν 0µ 0 0 0 0
ντ

L m 0 0 0
νs 0 0 0 0

1
CCA (4)

where we have defined

ν 0e=
k0νe

L�kνµ
Lp

k02+k2
; ν 0µ =

kνe
L +k0νµ

Lp
k02+k2

; νs=
νe

R�νµ
Rp

2
: (5)

We see that for ranges ofk andk0, ν 0

e andν 0

µ have different alignments with respect to
νe

L andν µ
L

. For example consider the limitk0 � k. In this case we recoverν 0

e � νe
L and

ν 0µ � νµ
L

.

3. Gauge model for active-sterile mixing

Our model usesSU(2)L�U(1)I3R
�U(1)B�L gauge group, even though it could easily be

implemented in the context of the standard model gauge group as well. However, in this
case the meaning of the see-saw scale will remain a mystery. Scalars required are listed in
table 1. The challenge is to induce proper left–right mixing. These scalars allow for the
following higher-dimensional operators.

f1
Mp

Leνshσ0ihφ̃ i;
f2

Mp
Lµνshσ0ihφ̃ i

f3
Mp

Lτ νshσ2ihφ̃ i;
f4

M2
p

νsνsh∆ihσ2ihσ0i: (6)
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Table 1. Relevant right-handed fermion and scalar fields and their transformation
properties. Here we have definedY = I3R+ (B–L)/2.

SU(2)L �U(1)I3R
�U(1)B�L SU(2)L �UY(1) Le+Lµ �Lτ Seµ

2R

ν
�R (1,1/2,�1) (1,0) 1 �1

ν
+R (1,1/2,�1) (1,0) 1 1

ντR (1, 1/2,�1) (1,0) �1 1

∆ (1,�1,+2) (1,0) 0 1
φ (2,1/2,0) (2,1/2) 0 1
σ2 (1,0,0) (1,0) +2 �1
σ0 (1,0,0) (1,0) 0 �1

Then we get the following neutrino mass texture in the original basis. Transforming back
to original basis(ν 0

e;ν 0µ )! (νe
L ;νµ

L
)

M =

0
BB@

νe
L νµ

L
ντ

L νs

νe
L 0 0 m m1

νµ
L

0 0 m0 m2
ντ

L m m0 0 m3
νs m1 m2 m3 δ

1
CCA: (7)

A similar texture form3 = 0 was found in ref. [10] where it was found that it is suitable for
2+2 mixing scheme [11] between ordinary and sterile neutrinos.

4. Numerical fits of parameters

A possible set of parameters may be

m=

0
B@

0 0 0:006 0:03
0 0 0:6 0:6

0:006 0:6 0 0:0006
0:03 0:6 0:0006 0:003

1
CA eV: (8)

Then we get∆m2
�
= 3�10�5 eV2; ∆m2

Atm = 3:5�10�3 eV2; ∆m2
LSND = 0:722134 eV2.

U =

0
B@
�0:0212239 �0:706349 �0:499125 �0:501493
�0:0212003 �0:707226 0:500274 0:499107
�0:697335 0:0221947 0:506895 �0:50625
�0:716117 0:0202588 �0:493617 0:493059

1
CA : (9)

For LSND mixing we get

sin22θLSND = 4j(U�

e3Uµ3+U�

e4Uµ4)j2 = 0:00359636: (10)
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5. Experimental tests of the constructed model

In terms of the mass and mixing angles following observable quantity is probed by the beta
decay experiments is

m2
νe
= ∑

i=1;4

m2
i jUeij2: (11)

For our choice of parameters we getmνe � 0:028. Thus we expect no signal formνe in
KATRIN experiment [12] from our model. This is a way to test our model. Another exper-
imental test is neutrinoless double beta decay [13].

jhmij= j ∑
i=1;4

miU
2
eij= mee: (12)

If we get a lower bound from neutrinoless double beta decay at high confidence levels
present scenario can be falsified.

6. Discussions and theoretical implications

Dirac-type neutrino mass of active neutrinos isG� SU(2)L�U(1)Y symmetry breaking.
This makes the off-diagonal entry is of the order ofmZ. The diagonal entry, however, isG
conserving and can be taken to be a large scaleM. The matrix has two eigenvaluesm2

D=M
andM. The first eigenvalue explains the smallness of the neutrino mass whenM ! ∞. If
on the other hand the off-diagonal entry is alsoG conserving, the mass eigenvalues will
be of the order ofM2=M = M andM. Obviously in this case see-saw mechanism cannot
explain the smallness of neutrino mass. Sterile neutrino is aG singlet then its Dirac-type
mass isG conserving. This is the reason why one needs to either look for special flavor
symmetries for having a light sterile neutrino or let the sterile neutrino transform under a
larger gauge symmetry not far above electroweak scale [14].
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