
Five texture zeros in the lepton sector and neutrino oscillations at DUNE

Richard H. Benavides†, D. V. Forero∗, Luis Muñoz†
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1. Introduction

In this work, we have assumed special
structures for the charged and neutral
mass matrices in the lepton sector, assu-
ming only Dirac neutrinos. The structure
of the model is SM + three singlets right
handed neutrinos.

2. Forms with five textures zeros

The Dirac Lagrangian mass term for the
lepton sector is given by

−L = ν̄LMnνR + l̄LMllR + h.c, (1)
This implies: UPMNS = U †

l Uν is the mixing
matrix.

A WBT: Mn → MR
n = UMnU

†,Ml →
MR

l = UMlU
†. Both representations Mν,l

and MR
ν,l are equivalent, because

UPMNS = U
†
l Uν = U

†
l UU†Uν = U

R†
l UR

ν = UR
PMNS (2)

The textures considered in this work are
the ones are shown in the next table,

Form Mn Ml

RRR4

 0 0 |bn| eiα1
0 cn |dn| eiα2

|bn| e−iα1 |dn| e−iα2 an

  0 |bl| eiβ1 0
|bl| e−iβ1 cl 0

0 0 al



T1

 0 0 |bn| eiα1
0 cn |dn| eiα2

|bn| e−iα1 |dn| e−iα2 an

  0 |cl| eiβ1 0
|cl| e−iβ1 0 |bl| eiβ2

0 |bl| e−iβ2 al



Factoring the phases: ΦM ′Φ∗, where,
Φ = Diag(1, eiϕ1, eiϕ2). Such that the M ′

matrix now is real.

The real rotation matrices, Rl and Rn

that diagonalize each sector can be
found using the invariants, Det{Mdiag

(n,l)} =

Det{M(n,l)}Tr{Mdiag
(n,l)} = Tr{M(n,l)},

Tr{[Mdiag
(n,l) ]

2} = Tr{[M(n,l)]
2}, where

Mdiag
(n,l) = Diag{m(1,e),−m(2,µ),m(3,τ )},

and the lepton mixing matrix can be
written as: K = RlΦR

T
n . From

this matrix we find the three mi-
xing angles in the form: tan θ12 =

|Ke,2|/|Ke,1|, sin θ13 = |Ke,3|, tan θ23 =

|Kµ,3|/|Kτ,3|, and, The Jarlskog invariant
JCP = I{K∗

e1K
∗
µ3Ke3Kµ1}.

3. Analysis of the forms

me (MeV) mµ (MeV) mτ (MeV)
0.511 105.658 1776.860

sin2 θ12 ± σ(sin2 θ12) sin2 θ13 ± σ(sin2 θ13) sin2 θ23 ± σ(sin2 θ23)
0.320± 0.016 0.0220± 0.0007 0.574± 0.014

∆m2
21 (eV2) ∆m2

31 (eV2)
7.50× 10−5 2.55× 10−3

Neutrino masses mi can be written in the
form: m1 = m0 ,m2 =

√
m2

0 +∆m2
21 ,m3 =√

m2
0 +∆m2

31 where ∆m2
21 (∆m2

31) is the
solar (atmospheric) mass-squared diffe-
rence.

3.1 Analysis of the RRR4-form

For this particular form we find the relati-
ons:

cn = −an +m1 −m2 +m3,

|bn| =
√
m1m2m3/(−an +m1 −m2 +m3),

|dn| =

√
(an −m1 +m2)(an −m1 −m3)(an +m2 −m3)

−an +m1 −m2 +m3
,

al = me −mµ,

|bl| = mτ ,

|cl| =
√
memµ .

It is possible to diagonalize the mass
matrices at function of m1,m2,m3, an and
me,mµ,mτ , respectively.
In order to constrain the model parame-
ters λ⃗ in each form, the following sta-
tistical test was implemented: χ2(λ⃗) =∑

i<j

(
sin2 θij−sin2 θ̃ij

σ(sin2 θij)

)2

, with i, j = 1, 2, 3.
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Parameter Best fit 3σ range
m0 (×10−3 eV) 3.2 [2.2, 4.1]

an (×10−2 eV) 1.8 [1.6, 2.5]

ϕ1/π 0 [−0.4, 0.4]

The χ2
min. = 1.4.

3.2 Analysis of the T1-form

In this case the four parameters λ⃗ =

{m0, an, ϕ1, ϕ2} contribute to the lepton mi-
xing. The results are:
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m0 (×10−3eV) 3.3 [1.8, 4.7]

an (×10−2eV) 2.3 [1.4, 3.7]

ϕ1/π 0.4 Unconstrained
ϕ2/π 0.9 Unconstrained

The χ2 value at the minimum is χ2
min. = 0
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Jarlskog invariant in terms of the ϕ-
phases.

4. DUNE sensitivity to the mixing parameters

The DUNE experiment is a long-baseline
multi-purpose neutrino oscillation expe-
riment that is under construction. We
calculated the lepton mixing matrix for
each form showed in the first table and
their were implemented in the GLoBES
C-library probability engine. We simula-
ted the disappearance and appearance
process from (νµ, ν̄µ).

4.1 Results for the RRR4 and T1-form

∆χ2-profiles for each one of the three mi-
xing parameters. (∆χ2-profiles for each
one of the four mixing parameters λ⃗ =

{m0, an, ϕ1, ϕ2} respectively)
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4.2 DUNE sensitivity to the CP-violating pha-
ses
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In the left (right) panel the sensitivity ob-
tained for the RRR4 (T1) forms.

5. Conclusions

Texture zeros diminish the mathematical
parameters in the models, they produce
an alternative to the PDG parametriza-
tion, that can explain all observables of
neutrino physics.
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