
 

 

DECLARATION BY THE CANDIDATE 
 
 
 
 
 
 
 

I, Animesh Barman, hereby declare that the subject matter in this thesis entitled, 

"Phenomenology of Neutrino Masses and Mixing with Discrete Flavour Symmetry in 

the context of the latest neutrino oscillation data.", is a presentation of my original 

research work. Whenever contributions of others are involved, every effort is made to 

indicate this clearly, with due reference to the literature and acknowledgment of 

collaborative research and discussions. 

 
 

The work is original and has not been submitted earlier as a whole or in part for a degree or 

diploma at this or any other Institution or University. 

 
 

This thesis is being submitted to the Tezpur University for the degree of Doctor of Philosophy 

in Physics. 

 

 

 

 

 

 

 

  

Date: 

 
Animesh Barman 

Signature of the candidate

Place: Tezpur

17-04-2025



 

 

 
 

TEZPUR UNIVERSITY 

Phone: +91-3712 275559(Ex. 5559) 

Dept. of Physics +91-9101338125(M) 

Napaam–784028, Assam, India E-mail: francis@tezu.ernet.in 

 

 

CERTIFICATE OF THE SUPERVISOR 
 
 

This is to certify that the thesis entitled "Phenomenology of Neutrino Masses and 

Mixing with Discrete Flavour Symmetry in the context of the latest neutrino oscillation 

data." submitted to the School of Sciences of Tezpur University in partial 

fulfillment for the award of the degree of Doctor of Philosophy in Physics is a 

record of research work carried out by Mr. Animesh Barman under my 

been duly acknowledged. 

No part of this thesis have been submitted elsewhere for award of any other degree. 

 

 

 

 

 
Place: Tezpur University   

Date: 

Prof. Ng. K. Francis
Professor

supervision and guidance. All help received by him from various sources have

(Prof. Ng. K. Francis)

17-04-2025

mailto:mkdas@tezu.ernet.in


 

 

 
 

TEZPUR UNIVERSITY 

(A Central University established by an Act of Parilament) 
 

Napaam–784028, Assam, India 

Fax: 03712-267006: Ph: 03712-267004, email: adm@agnigarh.tezu.ernet.in 
 
 

 

 

 

CERTIFICATE OF THE EXTERNAL EXAMINER AND ODEC 
 
 

This is to certify that the thesis entitled "Phenomenology of Neutrino Masses and 

Mixing with Discrete Flavour Symmetry in the context of the latest neutrino 

oscillation data." submitted by Mr. Animesh Barman to the School of Sciences 

 

 
 
 
 

( ) Prof. Ng. K. Francis External examiner

of  Tezpur  University  in partial fulfillment for the award of  the  degree of  Doctor of

 Philosophy in Physics has been examined by us on 17/ 04/ 2025 and found to be satisfactory.

mailto:adm@agnigarh.tezu.ernet.in


LIST OF PUBLICATIONS

• Animesh Barman(Tezpur U.), Ng. K. Francis(Tezpur U.), Bikash Thapa(Tezpur U.),

Ankur Nath(Tezpur U.), ”Nonzero θ13, CP-violation and neutrinoless double beta de-

cay for neutrino mixing in the A4×Z2×Z3 flavor symmetry model”, Int.J.Mod.Phys.A

38 (2023) 02, 2350012

• Animesh Barman(Tezpur U.), Ng.K. Francis, Hrishi Bora, ”Neutrino Mixing Phe-

nomenology: A4 Discrete Flavor Symmetry with Type-I Seesaw Mechanism”, Modern

Physics Letters A, Vol. 39, No. 7 (2024) 2350200

• Animesh Barman(Tezpur U.), Ng.K. Francis, Hrishi Bora, ”Neutrino Mixing Model

in the context of ∆(27) × Z3 Flavor Symmetry using Type-I Seesaw Mecha-

nism”,Communicated to Modern Physics Letter A journal

• Hrishi Bora(Tezpur U.), Ng.K. Francis(Tezpur U.),Animesh Barman(Tezpur U.),

Bikash Thapa(Tezpur U.), Neutrino Mass Model in the Context of ∆54×Z2×Z3×Z4

Flavor Symmetries with Inverse Seesaw Mechanism, Phys.Lett.B 848 (2024) 138329

• Hrishi Bora(Tezpur U.), Ng.K. Francis(Tezpur U.),Animesh Barman(Tezpur U.),

Bikash Thapa(Tezpur U.), Majorana neutrinos in Inverse Seesaw and ∆(54) Flavor

Models, International Journal of Modern Physics A, Vol. 39, Nos. 15 and 16 (2024)

2450066

8



BOOK CHAPTER

• Animesh Barman(Tezpur U.), Ng. K. Francis(Tezpur U.), Bikash Thapa(Tezpur U.),

Bichitra Bijay Boruah(Tezpur U.),Ankur Nath(Tezpur U.),”Nonzero θ13 and Neutri-

noless Double Beta Decay for neutrino mixing and A4 discrete flavor symmetries”

published in ”Advances in Physics and its Applications”, Duliajan College, Duliajan,

Dibrugarh, Assam, India, November 26-27,2021

• Animesh Barman(Tezpur U.), Ng. K. Francis(Tezpur U.), and Hrishi Bora(Tezpur

U.),”Study on Minimal Modification of Tri-bimaximal Neutrino Mixing matrix and its

Phenomenological Implications” to be published in PANE-2022, Manipur University,

Manipur, India, November, 08-10,2022

• Hrishi Bora(Tezpur U.), Ng. K. Francis(Tezpur U.) and Animesh Barman(Tezpur

U.), and” ∆54 flavor model for Dirac neutrinos: inverse seesaw” to be published in

PANE-2022, Manipur University, Manipur, India, November, 08-10,2022

PAPER PRESENTED IN WORKSHOP / CONFERENCE

• Animesh Barman(Tezpur U.) and Ng. K. Francis(Tezpur U.), ”Non-zero θ13 and Neu-

trinoless Double Beta Decay for neutrino mixing and A4 discrete flavor symmetries”-

paper presentation in an International Conference on “Advances in Physics and its Ap-

plications (APA-2021)”, Duliajan College, Duliajan, Dibrugarh, Assam, India, Novem-

ber 26-27,2021

• Animesh Barman(Tezpur U.) and Ng. K. Francis(Tezpur U.)-”Nonzero θ13 and De-

viation of Tri-bimaximal neutrino mixing and A4 discrete flavor symmetries” Poster

9



Presented at XII Biennial National Conference of Physics Academy of North East

(PANE2021), Tripura University, Assam, India, December 15-17,2021

• Animesh Barman(Tezpur U.) and Ng. K. Francis(Tezpur U.)-”Study on Minimal Mod-

ification of Tri-bimaximal Neutrino Mixing Matrix and its Phenomenological Implica-

tions” Poster Presented at XII Biennial National Conference of Physics Academy of

North East (PANE2022), Manipur University, Manipur, India, November, 08-10,2022

• Animesh Barman(Tezpur U.) and Ng. K. Francis(Tezpur U.)-”Deviation from Tri-

bimaximal neutrino mixing in the context of A4 discrete flavor symmetry ” paper

Presented at ”International Conference on Advanced Physics: IEMPHYS-2022” De-

partment of Basic Science and Humanities, Institute of Engineering and Management

Kolkata, India, September 22-24, 2022

• Animesh Barman(Tezpur U.) and Ng. K. Francis(Tezpur U.) participated at Particles

and Nuclei International Conference, PANIC-2021, LIP, Lisbon, Portugal. September

05-10, 2021

10



Declaraton

The work in this thesis is based on research carried out at the Institute of Tezpur Univer-

sity, Department of Physics, Tezpur, Assam, India. No part of this thesis has been submitted

elsewhere for any other degree or qualification and it is all my own work unless referenced

Int.J.Mod.Phys.A 38 (2023) 02, 2350012

• Chapter 3 is based on, Animesh Barman(Tezpur U.), Ng.K. Francis, Hrishi Bora,

”Neutrino Mixing Phenomenology: A4 Discrete Flavor Symmetry with Type-I Seesaw Mech-

anism”, Modern Physics Letters A, Vol. 39, No. 7 (2024) 2350200

• Chapter 4 is based on, Animesh Barman(Tezpur U.), Ng.K. Francis, Hrishi Bora,

”Neutrino Mixing Model in the context of ∆(27)× Z2 × Z3 Flavor Symmetry using Type-I

Seesaw Mechanism”,Communicated to Modern Physics Letter A journal

11

to the contrary in the text.



Acknowledgements 
 

 

  

 

 

     As I reach the culmination of my PhD journey, I am filled with gratitude for the 

many individuals and institutions who have made this milestone possible.  

    First and foremost, I extend my deepest appreciation to my thesis supervisor, Dr. 

Ng. K. Francis, whose invaluable guidance and constructive feedback illuminated 

my path at every stage of this research. His constant encouragement, infectious 

enthusiasm, and belief in me fueled my determination and bolstered my 

confidence. I feel truly privileged to have worked under such a learned, 

approachable, and inspiring mentor. 

   I am also grateful to my doctoral committee members, Prof. Jayanta Kumar 

Sarma and Dr. Moon Moon Devi, for their insightful suggestions and engaging 

 

  

the most challenging moments of my journey. Her presence was a source of 

strength and comfort, and I am forever thankful for her kindness. 

   I express my sincere regards to all the faculty members of the Department of 

Physics, Tezpur University, for their assistance in countless ways. My lab mates 

deserve a big thank you for their camaraderie, fruitful discussions, and unwavering 

support—it was a joy to share this space with them. I am equally grateful to my 

friends—Ankur, Hrishi, Bikash, Bichitra, Madhurjya, Pragyan, and Amrita—for 

A  special  note  of  gratitude  is  reserved  for  Prof.  Nidhi  Saxena  Bhattacharya,

discussions, which enriched my work.

whose unwavering support and nurturing guidance felt like a mother’s care during



their help and encouragement whenever I needed it. My seniors, batchmates, 

juniors, and the ever-helpful non-academic staff, particularly Narayan Da, Patir 

Da, and others, have my heartfelt thanks for their kindness and support. 

On a personal note, I owe an immeasurable debt to my parents, whose boundless 

love, sacrifices, and encouragement have been the bedrock of my success. I am 

also very thankful to the core of my heart in many ways to my grandparents. To 

my sister Anima and my brother-in-law Surojit Mandal, thank you for your 

steadfast support throughout this journey. My extended family’s prayers and 

affection have been a constant source of strength, and for that, I am deeply 

grateful. 

   I am profoundly thankful to the Almighty for granting me resilience and patience 

through every trial. 

   I want to thank each and every one of the fraternity of Tezpur University and 

especially the Department of Physics for giving me the most memorable years of 

my life. 

 

   Finally, I acknowledge UGC-CSIR for their financial support, which made this 

journey possible. 

   This thesis is not just a product of my efforts but a tapestry woven with the love, 

guidance, and support of everyone mentioned here. Thank you all from the bottom 

of my heart. 

 

 

 

 

 

 

Date: 17-04-2025                                                                             Animesh Barman



Abbreviations 

 

Abbreviation                                                                                                                      Meaning 

SM                                                                                                                            Standard Model 

CP                                                                                                                                Charge-Parity 

BSM                                                                                                            Beyond Standard Model 

LHC                                                                                                               Large Hadron Collider 

keV                                                                                                                       Kilo Electron Volt 

PMNS                                                                                    Pontecorvo–Maki–Nakagawa–Sakata 

CKM                                                                                                Cabibbo–Kobayashi–Maskawa 

MSW                                                                                              Mikheyev-Smirnov-Wolfenstein 

SAGE                                                                                   Soviet–American Gallium Experiment 

GALLEX                                                                                                           Gallium Experiment 

GUT                                                                                                                Grand Unified Theory 

KamLAND-Zen                                 Kamioka Liquid Scintillator Anti- Neutrino Detector-Xenon 

LSND                                                                                      Liquid Scintillator Neutrino Ditector 

MiniBOONE                                                                              Mini Booster Neutrino Experiment 

MINOS                                                                           Main Injector Neutrino Oscillation Search 

BNL                                                                                                 Brookhaven national laboratory 

TBM                                                                                                               Tri-bimaximal Mixing 

HM                                                                                                                       Hexagonal Mixing 

GRM Golden Ratio Mixing 

WMAP                                                                                        Wilkinson Mass Anisotropy Probe 

eV                                                                                                                                 Electron Volt 

TeV                                                                                                                      Tera Electron Volt 

XIII



VEV                                                                                                       Vacuum Expectation Value 

NH                                                                                                                         Normal Hierarchy 

NO                                                                                                                          Normal Ordering 

IH                                                                                                                         Inverted Hierarchy 

IO                                                                                                                           Inverted Ordering                

B+L                                                                                                                           Baryon+Lepton 

CERN                                                                         European Organization for Nuclear Research 

LEP                                                                                         The Large Electron-Positron Collider 

ISS                                                                                                                             Inverse Seeasw 

NDBD(0ββν)                                                                                    Neutrinoless double beta decay 

DM                                                                                                                                 Dark Matter 

BAU                                                                                                Baryon Asymmetry of Universe 

BBN                                                                                                         Big Bang Nucleosynthesis 

CMB                                                                                                Cosmic microwave background 

LNV                                                                                                          Lepton Number Violation 

LFV                                                                                                           Lepton Flavour Violation 

DW                                                                                                                       Dodelson-Widrow 

XIV



List of Figures: 

2.1: Case I - Correlation among the model parameters |b|, ϕb & |d|, ϕd in  

both NH (left column) as well as IH (right column)……………………………...67 

2.2: Case I - Variation of the mixing angles, mass-squared differences, and  

Dirac CP phase with the correction parameter ϵ in NH case. The color bar 

represents the different values of the correction parameter ϵ……………………..68 

2.3: Case I - Variation of the mixing angles, mass-squared differences, and 

 Dirac CP phase with the correction parameter ϵ in IH case. The color bar 

represents the different values of the correction parameter ϵ……………………..69 

2.4: Case II - Correlation among the model parameters |b|, ϕb & |d|, ϕd in 

both NH (left column) as well as IH (right column)……………………………...70 

2.5: Case II - Variation of the mixing angles, mass-squared differences, and 

Dirac CP phase with the correction parameter ϵ′ in NH (left) and IH(right) case. 

The color bar represents the different values of the correction parameter ϵ′……71 

2.6: Variation of effective Majorana neutrino mass with lightest neutrino 

mass in case I (left panel) and case II (right panel). The red solid line represents 

the cosmological bound on the sum of the absolute neutrino mass. The black solid 

line represents the KamLAND-Zen bound on the effective mass………………...72 

Figure 3.1: Correlation among the neutrino oscillation parameters ……………...95 

3.2: Correlation among the neutrino oscillation parameters sin2 θ12, sin2 θ23, sin2 

θ13, Dirac CP phase and Jarlskog parameter……………………………………. 96 

3.3: Variation of effective Majorana neutrino mass with lightest neutrino 

mass in NH with the KamLAND-Zen-Gerda bound on the effective mass………97 

 

XVII



Figure 4.1: Correlation among the neutrino oscillation parameters……………..117 

4.2: Correlation among the neutrino oscillation parameters……………..............118 

 

4.3: Variation of effective Majorana neutrino mass with lightest 

 Neutrino mass in NH with the KamLAND-Zen-Gerda bound on 

 the effective mass……………………………………………………………….119 

 

XVIII



List of Tables: 

Table 1.1: The 3σ ranges of neutrino oscillation parameters from NuFIT 

 

Table 1.2: Charge assignments of leptons, quarks, and Higgs field  

under the standard model gauge group………………………………...13 

Table 2.1: The 3σ ranges of neutrino oscillation parameters from NuFIT 

 

Table 2.2: Full particle content of our model………………………….63 

Table 2.3: Case II- Best-fit values for different parameters  

predicted by the model…………………………………………………69 

Table 4: Full particle content of our model with associated “driving 

fields………………………………………………………………….  .73 

Table 3.1: The 3σ ranges of neutrino oscillation parameters from NuFIT 

 

Table 3.2: Full particle content of our model………………………….91 

 

 

Table 4.2: Full particle content of our model……………………………………115 

XIX

Table 3: Full particle content of our model with driving fields...............................98

Table 4.1: The 3σ ranges of neutrino oscillation parameters from NuFIT 6.0

(2024).....................................................................................................................113

6.0 (2024)  ..............................................................................................7

6.0(2024)..........................................................................61

6.0 (2024)................................................................87



 

 

 

 

 Dedicated to my Parents and Sister Anima


	02_prelim pages

