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Sterile neutrinos in a left-right mirror model
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b Departamento de F́ısica, FES-Cuautitĺan, UNAM
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In this work, we investigate the possibility that one neutrino mirror plays the role of sterile neutrinos with mass on the scale of a few eV’s,
that is,m̂1 ∼ O(1 eV). We consider the extension of the Standard Model with gauge symmetrySU(2)L⊗SU(2)R⊗U(1)Y ′ and additional
exotic fermions known as mirror fermions. A double application of the seesaw type I approximation to the most general Majorana-type
neutrino mass matrix and diagonalization is performed to study neutrino masses and mixing.
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1. Introduction

Neutrino oscillation experiments on atmospheric, solar, re-
actor and accelerators neutrinos reveal that neutrinos have
nonzero masses. The tiny neutrino masses may be the first
clear evidence of physics beyond the standard model. The
sterile neutrinos are believed to interact only via gravity and
not through the other fundamental interactions of the Stan-
dard Model (SM). The term refers to neutrinos with right-
handed chirality and is used to distinguish them from the
known, active neutrinos in the SM. A sterile neutrino is a
neutral, spin 1/2 particle which is a singlet underSU(3) ⊗
SU(2) ⊗ U(1) group. Such singlets appear naturally in su-
persymmetry models, grand unified theories (GUT) and su-
perstring. The experimental information on neutrino masses
and mixing implies new physics beyond the SM, which have
generated great activity on theoretical implications of these
results. Cosmology and Short Baseline Oscillation experi-
ments lead to the possible existence of light sterile neutri-
nos. In the Neutrino-4 experiment the effect of oscillations
of reactor antineutrinos into a sterile neutrino was observed
[1,2]. Here, we study neutrino masses within the context of
the “Left Right Mirror Model” (LRMM) [3-6]. Applying a
double seesaw approximation to the most general Majorana-
type neutrino mass matrix, we perform an approximate an-
alytical diagonalization, where one of the mirror neutrinos
may get a mass of a few eV’s.

2. The model

The LRMM formulation is based on the gauge group
SU(2)L ⊗ SU(2)R ⊗ U(1)Y ′ . With the fermion content:
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where the last entry corresponds to the hypercharge (Y ′) with
the electric chargeQ = T3L + T3R + (Y ′/2).

We assume the “Spontaneous Symmetry Breaking”
(SSB) stages

G
〈Φ̂〉−→ GSM 〈Φ〉−→ SU(3)C ⊗ U(1)Q,

(1)

whereGSM = SU(2)L⊗SU(3)C⊗U(1)Y is the SM gauge
group andY/2 = T3R + (Y ′/2). The Higgs sector to induce
this SSB, Eq. (1), involves two doublets of scalar fields:

Φ = (1, 2, 1, 1), Φ̂ = (1, 1, 2, 1), (2)

with the “Vacuum Expectation Values” (VEV’s)
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The most general potential that we can write with the above
scalars, Eq. (2), which develops the pattern of VEV’s, Eq. (3),
and then the SSB, Eq. (1), is

V = −(µΦ†Φ + µ̂Φ̂†Φ̂) +
λ1

2
[(Φ†Φ)2 + (Φ̂†Φ̂)2]

+ λ2(Φ†Φ)(Φ̂†Φ̂), (4)

and the scalar Lagrangian for the model is written as

Lsc = (DµΦ)†(DµΦ) + (D̂µΦ̂)†(D̂µΦ̂), (5)

whereDµ andD̂µ are the covariant derivatives for the SM
and the mirror part, respectively.

3. Majorana neutrino mass matrix

After symmetry breaking, we may write the most general
neutrino Majorana mass matrix



2 R. GAITÁN LOZANO, A. HERNÁNDEZ-GALEANA, J. H. MONTES DE OCA AND J. M. RIVERA-REBOLLEDO

(Ψ̄νL, Ψ̄c
νL)

(
ML MD

MT
D MR

)(
(Ψc

ν)R

(Ψν)R

)
, (6)

with

(Ψν)L,R =
(

νi

ν̂i

)

L,R

, (7)

(Ψc
ν)L,R =

(
(νc

i )
(ν̂c

i )

)

L,R

, (8)

ML =

(
0 v√

2
σ

v√
2
σT M̂

)
, (9)

MR =

(
χ v̂√

2
π

v̂√
2
πT 0

)
, (10)

MD =

(
v√
2
λ 0

h v̂√
2
η

)
, (11)

whereσ, M̂ , χ, π, λ, h andη in Eqs. (9), (10), (11) are un-
known matrices of3× 3 dimension.

4. Double Seesaw approximation

By assuming the natural hierarchy|(ML)ij | ¿ |(MD)ij | ¿
|(MR)ij | for the mass terms, the mass matrix

(
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MT
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)
,

Eq. (6), can be diagonalized in the Seesaw approximation
[7,8], yielding
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where, neglectingO(MDM−1
R ) terms, we may write with

good approximationΨ
′
νL,R ≈ ΨνL,R, andΨ

′c
νL,R ≈ Ψc

νL,R.

The Majorana mass matrix for the left-handed neutrinos
may be written in this seesaw approximation as

Mν ≈ Ml −MDM−1
R MT

D . (13)

We assume a scenario where the dominant contribution, for
the active known neutrinos, comes from theML matrix,
Eq. (13), with a Type I seesaw structure. We can explicitly
write

Mν ≈ ML =
(
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)
, (14)

where

m =




0 0 0 σ′11
0 0 0 σ′21
0 0 0 σ′31

σ′11 σ′21 σ′31 M̄11


 , (15)

µ =




σ′12 σ′13
σ′22 σ′23
σ′32 σ′33
M̄12 M̄13


 (16)
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andσ′ij = v/
√

2σij . In this way we explore the possibility
that one of the mirror neutrinos may acquire a mass of the
order of a few eV’s. Therefore, applying the seesaw approxi-
mation again toML, Eq. (14), we obtain

(M light)4×4 = m− µm̂−1µT . (18)

The matrixML in Eq. (14), may be diagonalized by using a
unitary transformation

U†MLU = Diag(m1,m2,m3, m̂1, m̂2, m̂3), (19)

where the mixing matrix U compatible with our framework
may be written as

U6×6 ≈
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where
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 , (21)

for |Ui4| ≈ |U4i| . 0.1. TheU4×4 in Eq. (21) being the neu-
trino mixing involving the three SM active neutrinos and one
light neutrino mirror. To perform calculations, for the masses
of the active neutrinos, we take the values:m1 ≈ 0.0086 eV,
m2 ≈ 0.0088 eV, andm3 ≈ 0.05 eV [9]. We assume
m̂1 ¿ m̂2, m̂3.

5. Conclusions

In this work, we consider as framework a left-right model
with mirror fermions to estimate the mass of the light sterile
neutrino.

Applying a double seesaw approximation to the most
general Majorana-type neutrino mass matrix, an approximate
analytical diagonalization was performed for light neutrinos,
Eqs. (18), (21), with the possibility that one neutrino mirror
plays the role of a sterile neutrino with mass on the scale of a
few eV’s, that is,m̂1 ∼ O(1 eV ).

The estimation is based in a numerical fit of parameters to
accommodate simultaneously the active neutrino masses and
mixing consistent with the current neutrino oscillation data.
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