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From my time as a DUNE member, underground at Sanford Lab
Left to right: Myself, Dr. Juergen Reichenbacher, Tyler Rath
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Background: Neutrino Mixing and PMNS Matrix 
● Neutrino mass leads to flavour oscillations described by PMNS mixing matrix
● Many of the parameters have already been measured to high precision  
● Non-zero reactor angle and sin2θ12 < ⅓ disfavors TBM mixing ansatz 
● TBM formerly achieved good agreement with data by extending the SM by small 

discrete symmetries (e.g. S4, A4) 

Produced as flavour eigenstates

Must propagate as mass eigenstates 

Different basis related through 3x3 
PMNS rotation matrix 

JUNO 2025 Solar Angle Result

NuFIT 2025 Global Best Fits 

TBM Mixing Ansatz



Michael Fodroci ❙  TeVPA, Tendo, Japan   ❙  September 3rd, 2026 4

Background: Type-I Seesaw Mechanism + Leptogenesis 
● Tiny neutrino masses naturally produced by adding several 

heavy right-handed (RH) Majorana neutrinos to Standard 
Model (SM)

● At energy scales below RH neutrino mass, leads to suppression 
of light neutrino masses via Type-I seesaw mechanism

● Decay of RH neutrinos in early universe generates baryon 
asymmetry of the Universe (BAU) (matter/antimatter 
asymmetry)

● Leptogenesis mechanism first produces lepton asymmetry, 
converted to baryon asymmetry via sphaleron process

● If some RH neutrino masses are nearly degenerate, certain CP 
violating RH neutrino decays resonantly enhanced - allows 
mass scale of RH neutrinos to be lowered to ~1 TeV scale 

○  This is known as Resonant Leptogenesis 
● Many model building approaches assume “Sequential 

Dominance” (SD) where hierarchy of left-handed neutrino 
masses generated by hierarchy of RH neutrino masses 

Type-I Seesaw Mechanism

BAU Observed by Planck

Low-energy 
Neutrino Mass 

Matrix

Heavy Right Handed 
Majorana Neutrino 

Mass Matrix

Light Neutrino 
Dirac Mass 

Matrix

Baryon and 
Antibaryon 

Number Densities

Photon Number Density 
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Overview

Preprint: arXiv:2608.06983

● Explore model building techniques assuming SD with 

degenerate RH neutrino masses 

● Enables resonant leptogenesis so we call it Resonant 

Sequential Dominance (RSD)

● We introduce novel PMNS matrix ansatz - TBC3 

● We use indirect model building techniques from S.F. King 

assuming SD + our TBC3 ansatz to search for viable simple 

Dirac mass matrix textures

● We present an A4x(Z3)
4x(Z2)

2-symmetric Lagrangian that can 

produce the mass matrix textures we discovered + admit 

resonant leptogenesis 

● We find that the lightest Majorana neutrino mass  

○ M ∈ 0.13 TeV to 230 TeV

https://arxiv.org/abs/2511.15111
https://arxiv.org/abs/2608.06983
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TBC3 Mixing Matrix Ansatz
● We employ King’s expansion of the PMNS matrix where it is 

expanded in terms of the solar (s), reactor (r), and atmospheric (a) 
deviations with the zeroth order term being TBM

● As done by others we define a,s, and r in terms of the Cabibbo 
parameter 𝜆

● Our TBC3 Cabibbo parameter ansatz achieves 1σ with 2025 NuFIT 
and has the property of equality of the solar and atmospheric 
deviations

● ConfirmED minimal deviation from unitarity when taken to 2nd order
King PMNS Parameterization to 1st order in a,s,r

Novel TBC3 ansatz taken in this work 

Deviation from Unitarity of TBC3 Ansats at 2nd Order

Frobenius Norm

Definition of Unitarity Deviation
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Sequential Dominance & Resonant Sequential Dominance 
● SD assumes that the Dirac neutrino mass matrix and effective light neutrino mass Lagrangian take the below 

forms so that the mass eigenvalues are determined primarily by each independent column and each heavy RH 
neutrino mass

● This way, a heavy RH neutrino mass ordering M1<M2<M3 leads to Normal Ordering (NO) - we do not consider IO 
● These columns arise from the VEVs of flavon fields 
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Sequential Dominance & Resonant Sequential Dominance (RSD) 
● If instead we assume two nearly degenerate RH 

neutrino masses we can instead achieve all the 
necessary features of Sequential Dominance via 
only the Yukawa couplings 

● Type-I Seesaw mechanism still gives small neutrino 
masses

●  Under the correct choice of Yukawas this still 
preserves the mass hierarchy 

● This way resonant leptogenesis is admitted and thus 
we refer to it as Resonant Sequential Dominance

● The Yukawa hierarchy can be explained by, for 
example, the Froggatt-Nielsen mechanism - though 
we do not go into further detail in this work 
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King Master Formula and Simple VEV Search Procedure
● In our RSD framework we then employ the Master Formula of King for relating the light neutrino mass matrix 

elements to the PMNS matrix elements 
● We work under the additional assumptions that the third RH neutrino is ultra-heavy (GUT scale) and decouples 

entirely, and that there is a texture zero in mD - which is closely related to the nonzero reactor angle

Only two 
phases after 
rephasing 

Quantities of interest
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Application of King Master Formula With TBC3 / 2025 NuFIT

Chosen CP Phase:δ = -𝜋
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Application of King Master Formula With TBC3 / 2025 NuFIT

Chosen CP Phase:δ = -5𝜋/6



Michael Fodroci ❙  TeVPA, Tendo, Japan   ❙  September 3rd, 2026 12

Some Simple Dirac Mass Matrix Elements 
● Table shows some of the simple Dirac mass matrix elements that we determined using 

a combination of the plots generated from King’s Master Formula and 𝝌2 

● Outputs computed using Mixing Parameters Tools (MPT) Mathematica package
● The 𝝌2 best fit points corresponding to δ= -𝜋 and δ= -5𝜋/6, are boxed in green
● The best value set with the lowest 𝝌2 is boxed in red, we refer to this as the Simple 

(√2,1:1,2) Alignment - achieves 1𝜎 agreement w/ all mixing angles, mass squared  
differences, and Dirac CP violating phase

δ= -𝜋

δ= -5𝜋/6
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Lagrangian
● A4 chosen as starting point since it naturally yields TM2 PMNS 

mixing ansatz which was in  good agreement with data until recently 
● Neutral lepton sector has its symmetry badly broken by the VEVs 

of the flavons ϕi - shaping symmetries ensure that their VEVs each 
independently determine the columns of the Dirac mass matrix 

● Shaping symmetries further ensure diagonality of Majorana mass 
matrix and that the required structure for RSD is preserved 

Lepton Mass Lagrangian 

The shaping 
symmetries 

furthermore ensure 
that these are the 

only allowed mass 
terms up to 

dimension-5 in the 
Lepton sector
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Resonant Leptogenesis
● First, connect Master Formula terms to 

Lagrangian terms 
● Examine how constraints on Yukawa 

couplings, sphaleron freeze out 
temperatures, and cutoff scale Λ translate 
into constraints on RH neutrino mass

● Using Simple (√2,1:1,2) Alignment and 
our allowed range of Yukawa couplings, 
Λ, and RH neutrino masses, we find the 
range of mass splittings that can yield 
sufficient lepton asymmetry (and in turn 
produce the observed BAU)
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Summary 
● Suggested TBC3 PMNS matrix ansatz that:

○ Achieves 1σ agreement with data using only simple ratios of Cabibbo parameter  

○ Minimizes parameters by setting solar and atmospheric angle deviations equal

● Showed that in RSD,  SD can still be achieved with degenerate RH neutrino masses via Yukawa couplings alone

● Using TBC3 ansatz + SD based model building techniques, searched for simple Dirac matrix textures compatible with mixing data 

● Found Simple (√2,1:1,2) Alignment :  achieves 1σ agreement with all mixing angles, Dirac CP phase and mass squared differences 

● Created A4x(Z3)
4x(Z2)

2-symmetric Lagrangian that admits our Simple (√2,1:1,2) Alignment, and  resonant leptogenesis 

● Determined viable parameter space of RH neutrino mass splitting, Yukawa couplings, cutoff scale Λ, and RH neutrino mass which 

produce sufficient lepton asymmetry and in turn can match the observed BAU 

ご清聴ありがとうございました！
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