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Abstract

In this work, we explore the potential origins of various neutrino mixing angles by examining two
distinct types of neutrino mass matrices. Specifically, we analyze the type | seesaw and type Il seesaw
mass matrices to understand their roles in shaping neutrino mixing angles and mass hierarchy. We
treat the type | seesaw as a hybrid texture neutrino model and the type Il seesaw as a scaling mass
matrix. Our aim is to provide a concise overview of neutrino mass models, incorporating the latest
insights into neutrino dynamics.ata.
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. Introduction

Origin of tiny neutrino masses and their large mixing [1-5] is one of the major observed
phenomena that the Standard model of particle physics would not explain. Various Neutrino
oscillation experiments across the world, namely T2K [ 6] ,Double ChooZ [7] , Daya-Bay
[8,] and RENO [9,] have made the earlier predictions for neutrino parameters precise
precisely and also a predicted non-zero value of the reactor mixing 6,5. The latest global fit
value for 3o range of neutrino oscillation parameters are given in [10] and [11]. The neutrino
oscillation experiments measure only two mass squared differences and therefore the lightest
neutrino mass, which remains a free parameter, can be constrained from the upper bound on
the sum of absolute neutrino masses from cosmology, >, m; < 0.12eV [12]. In addition to the
neutrino mass hierarchy problem, recent neutrino experiments have also not found anything
about the nature of the neutrino mass. Therefore, these questions will lead to some different
neutrino models to explain those undetermined neutrino parameters. People expected that the
extreme smallness of the neutrino masses is most likely related to the seesaw mechanism.
Some good works related to seesaw mechanism can be found in [13, 14]. All these
mechanisms include extra heavy fermionic or scalar fields into the SM.

In this work, we consider a very specific neutrino mass matrix structure proposed a few years
ago by the authors of [15-16]. The structure of the neutrino mass matrix is based on the idea
of a strong scaling Ansatz, where certain ratios of the elements of the neutrino mass matrix
are equal. We consider the scaling mass matrix as the origin of the type | seesaw mechanism
in our neutrino model. We also consider some hybrid texture neutrino models [17-20] as the
type Il seesaw matrix. Here, we combine the scaling neutrino mass matrix and hybrid texture
neutrino matrices to generate different neutrino parameters and attempt to correlate them.
This paper is organized as follows: In the next section, Il, we discuss different possible
hybrid texture neutrino mass models and the scaling mass matrix. We discuss the numerical
methods in section I11. In section 1V, we present our results and conclusions.
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1. Scaling mass matrix and hybrid texture neutrino mass matrix

We write the neutrino mass matrix and leptonic mixing matrix
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In terms of matrix element. Type A scaling mass matrix is given by authors
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There are three types of scaling neutrino mass matrix [15] . Only case A is allowed by current
data and in this work we consider the model based on case A only which is given above. If
neutrinos are Majorana fermions, as predicted by the conventional seesaw mechanisms, then
the 3 x 3 neutrino mass matrix is complex symmetric and hence has six independent complex
elements. In literature review Several works related to one-zero and two-zero textures can be
found in [17] and [18] respectively. Another possibility is the so-called hybrid texture defined
as combination of one-zero texture and two equal non-zero elements [17-20]. In this work we
consider hybrid texture neutrino mass matrix as the origin of type | seesaw. There are six
categories of hybrid texture matrix which make it 39 matrices. We choose only 6 out of 39
hybrid texture matrices in our work which is closely agreed with experimental values.
Following are the structure of hybrid texture neutrino matrix we have used in our work.
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1. Numerical Analysis

The neutrino mass matrix can be obtained by two mass square differences and mixing angles
provided by data. The leptonic

mixing matrix or the Pontecorvo-Maki-Nakagawa-Sakata (PMNS) leptonic mixing matrix is
given by
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Upuns = U1+Uv
U,, U, represent neutrino mass and lepton mixing matrix. if we assume charged lepton
matrix as a diagonal then the light neutrino mass matrix can be written as
Upmns = Ul+
Considering the type Il seesaw term as the necessary correction to scaling mixing, we write
the neutrino mass matrix as
M, = M; + My; = mpMgp ™ 'mp"  + My
Where M;, M,; are the scaling and hybrid texture mass matrices. We can write neutrino mass
matrix as
Uppnsy P 9Upyns' = scaling mass matrix + Hybrid texture matrix

For normal mass hierarchy, the diagonal mass matrix of the light neutrinos can be written as

m, 49 = diag(my,/my? + Amy,2,y/my 2 + Ams,2)

whereas for inverted mass hierarchy it can be written as

m, %9 = diag(y'ms? + Amyz% — Amy2,\/ms? + Amy32, m)

In this work, we have not considered the Majorana CP phases; we deal only with the Dirac
CP phase of the neutrino mass matrix. We can take m1 as the lightest neutrino mass in the
case of NH after substituting the values of mass squared differences [10-11], and in the IH
case, we take m3 as the light neutrino mass eigenvalue. We can construct the neutrino mass
matrix as a combination of a scaling neutrino mass and a hybrid texture neutrino mass. In this
work, we choose some fixed values of the lightest neutrino mass within the cosmological
limit given by [12]. In the case of a scaling mass matrix, we have solved for the values of A,
B, S, D by comparing with the neutrino mass matrix elements. Now, by comparing each
element of this newly constructed mass matrix with the original neutrino mass matrix, we can
plot some graphs between different neutrino parameters, considering different hybrid textures
models with a scaling matrix. We have shown a few plots of mixing angles from our
calculations.
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V. Results and Conclusions

In this work, we have studied six hybrid texture neutrino mass matrices allowed by the
latest experimental data. We also explore a different type of neutrino matrix known as the
scaling strong matrix. In the hybrid texture neutrino mass matrix, there exists one zero and
two equal non-zero elements. There are three possibilities for the scaling mass matrix;
however, in our work, we consider only one that consistently yields an inverted hierarchy
(IH) structure. We combine the hybrid texture and scaling mass matrices to construct a
neutrino mass matrix that accommodates both normal and inverted hierarchy structures.
Since the scaling mass matrix always produces a definitive inverted structure model, we
attempt to introduce corrections to the scaling matrix using texture zeros in order to derive a
complete neutrino mass matrix. Neutrino mass matrices can originate from different types
of seesaw mechanisms. In this study, we consider type | and type Il seesaw mechanisms as
the origins of the neutrino mass matrix. We equate the type | seesaw with the scaling matrix
and the type Il seesaw with the hybrid texture. We investigate the variation of the lightest
neutrino mass with neutrino mixing angles in both the normal hierarchy (NH) and inverted
hierarchy (IH) cases. We have only obtained correct results for the three hybrid texture
cases summarized in the table above. The check mark in the table indicates correct neutrino
oscillation angles observed in the hybrid texture model, while the cross symbol denotes
oscillation parameters that fall outside the acceptable range. From these results, we can
constrain the texture models to align with experimental values. In this work, we focus solely
on the Dirac CP phase. In the future, we aim to study results incorporating all three
phases—Dirac and Majorana—which will be interesting for exploring neutrinoless double
beta decay and leptogenesis with these new neutrino models.
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