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Background: Neutrino Mixing and PMNS Matrix ?

Neutrino mass leads to flavour oscillations described by PMINS mixing matrix
Many of the parameters have already been measured to high precision

Non-zero reactor angle and sin2912 <Y _disfavors TBM mixing ansatz

TBM formerly achieved good agreement with data by extending the SM by small
discrete symmetries (e.g. S, A,)

JUNO 2025 Solar Angle Result

sin® 012 yuno = 0.3092 £ 0.0087

Different basis related through 3x3

Produced as flavour eigenstates PMNS rotation matrix
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NuFIT 2025 Global Best Fits

s1o = 0.308810:000¢ (0.2893 — 0.3295),

$35 = 0.47010017 (0.435 — 0.584),

s15 = 0.0224870:000%5 (0.02064 — 0.02418),
§CP° = 212420 (125 — 365),

A 2
10—7?% — 7.537+0:9% (7,936 _, 7.823),
A 2
10_?;372 = +2.51179:920 (42,450 — +2.576).

Must propagate as mass eigenstates



Background: Type-I Seesaw Mechanism + Leptogenesis | peayy Right Handed ?

Majorana Neutrino TOKAI

e Tiny neutrino masses naturally produced by adding several N R
Mass Matrix
heavy right-handed (RH) Majorana neutrinos to Standard
Model (SM) Type-I Seesaw Mechanism
e At energy scales below RH neutrino mass, leads to suppression 1 T
of light neutrino masses via Type-I seesaw mechanism ‘ my | =—(Mmp M R mp
e Decay of RH neutrinos in early universe generates baryon
asymmetry of the Universe (BAU) (matter/antimatter
asymmetry) Low:energy Light Neutrino
) g Neutrino Mass Dirac Mass
e Leptogenesis mechanism first produces lepton asymmetry, . X
. Matrix Matrix
converted to baryon asymmetry via sphaleron process
e [f some RH neutrino masses are nearly degenerate, certain CP
violating RH neutrino decays resonantly enhanced - allows BAU Observed by Planck
mass scale of RH neutrinos to be lowered to ~1 TeV scale N
__ e ”é _ ~10
o  This is known as Resonant Leptogenesis B = /’n,y = (6.1240.04) x 10
e Many model building approaches assume “Sequential /
Dominance” (SD) where hierarchy of left-handed neutrino
masses generated by hierarchy of RH neutrino masses Baryon and Photon Number Density
Antibaryon
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Overview

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 A x(Z,)*x(Z,)*-symmetric Lagrangian that can
produce the mass matrix textures we discovered + admit
resonant leptogenesis

We find that the lightest Majorana neutrino mass

o M€ 0.13 TeV to 230 TeV

Michael Fodroci I TeVPA, Tendo, Japan 1 September 3rd, 2026

L3

UNIVERSITY

Leptogenesis via Resonant Sequential Dominance and TBC3 Mixing
in a Type-I Seesaw Model

Michael Fodroci*
Graduate School of Science and Technology, Tokai University,
Micro/Nano Technology Center, Tokai University,
4-1-1 Kitakaname, Hiratsuka, Kanagawa 259-1292, Japan

Teruyuki Kitabayashif
Department of Physics, School of Science, Tokai University,
4-1-1 Kitakaname, Hiratsuka, Kanagawa 259-1292, Japan
(Dated: April 2026)

We demonstrate how phenomenological model construction assuming Sequential Dominance can
be extended to cases with degenerate right-handed neutrino masses. Because this framework ac-
commodates resonant leptogenesis, we designate it as Resonant Sequential Dominance. We then
investigate Dirac mass matrix textures compatible with current neutrino data within Resonant Se-
quential Dominance, utilizing a novel neutrino mixing matrix ansatz termed TBC3, proposed in
this work. Additionally, we present an Ay x (Z3)* x (Z2)*-symmetric Lagrangian that is consistent
with neutrino oscillation data and successfully drives resonant leptogenesis. Lastly, we find that
accounting for the observed baryon asymmetry of the Universe requires the lightest right-handed
neutrino mass to lie in the range 0.13 TeV < my, < 230TeV.
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TBC3 Mixing Matrix Ansatz ?

We employ King’s expansion of the PMNS matrix where it is i
expanded in terms of the solar (s), reactor (r), and atmospheric (a) Deviation from Unitarity of TBC3 Ansats at 2nd Order
deviations with the zeroth order term being TBM 0.020

e As done by others we define a,s, and r in terms of the Cabibbo
parameter A 0.015}

e Our TBC3 Cabibbo parameter ansatz achieves 1o with 2025 NuFIT
and has the property of equality of the solar and atmospheric A 0.010}F
deviations

e ConfirmED minimal deviation from unitarity when taken to 2nd order 0.005F

King PMNS Parameterization to 1st order in a.s.r

0.000 L L L
) - -r/2 0 n/2 n
\/g(l ~ 39) Tl +s Zsre ! /
U | —L _ 6y L] _1lg_ o Lnsy _L s [radi
\/(—3(1—1—5 at+re?) —=(1-3s—a—3re?) \/5(1—|—a)
Zltsta—re?) ——(l-gs+a+gzre?) =(1-a) Frobenius Norm

Novel TBC3 ansatz taken in this work ., B
n 5 JAlF = [ > ) lai;|?

]
S=a=——= A\, r:—\/§>\

3\/7 3 Definition of Unitarity Deviation

Michael Fodroci I TeVPA, Tendo, Japan 1 September 3rd, 2026 D(§F) = |13 — UTBC?’U'JIT‘BCE}”F R




Sequential Dominance & Resonant Sequential Dominance ?

e SD assumes that the Dirac neutrino mass matrix and effective light neutrino mass L.agrangian take the below ToHM
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 M, <M, <M, leads to Normal Ordering (NO) - we do not consider 10

These columns arise from the VEVs of flavon fields

MpD,e,atm "D, e,so0l [mD e dec] Ml 0 0 —1 T
t] 9 ) ) ) ) m o m M m
mp = Mmp,p,atm "D, p,s0l [mD7M’deC] ]MR = 0 M2 0 / 1 Dﬁ R D
MpD,r,atm "D, r,s0l [mD,T,dEC] 0 0 [M3] l
= (mD,atm ™MDp,sol [mD,dec] ) . = 7 B — T B
v (VLmD,atm)(mD,athL) + (VLmD,SOl)(mD,solV[)
eff Matm Msol
+ (ﬁLmDﬂeC)(mg,decl/z) (24)
Mdec '
T T T
MD,atm™p atm MD,sol™Mp g0l MD,dec™D dec
Matm Msol Mdec

ms > Mmyo [>>m1]
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Sequential Dominance & Resonant Sequential Dominance (RSD) ?

nnnnnnnnnn

e [finstead we assume two nearly degenerate RH
neutrino masses we can instead achieve all the ™ —__
necessary features of Sequential Dominance via

Ml ’&“Mg < M3

only the Yukawa couplings

e Type-I Seesaw mechanism still gives small neutrino
masses
e  Under the correct choice of Yukawas this still

preserves the mass hierarchy

e This way resonant leptogenesis is admitted and thus ms > Mo [ > ma ]

we refer to it as Resonant Sequential Dominance
e 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 ?

nnnnnnnnnn

® [n our RSD framework we then employ the Master Formula of King for relating the light neutrino mass matrix

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

entirely, and that there is a in m - which is closely related to the nonzero reactor angle
i Gz fa g _ietb et Quantities of interest
0= |ale*®= i '= v SV
— (X0} 10p . ietPue - et f
mp = ele*®e |ble -  f= , _ < r T>
D | | zqﬁ I | qu ¢ \/M f VM m, =mg| AA" +¢,BB
|[fle*®s |clet®e
T = ¢p—e = argb—argé, 13 = p.—¢s = argé—arg [.
Only two p G8)
- . phases after
a ac :
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Application of King Master Formula With TBC3 /2025 NuFIT
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Application of King Master Formula With TBC3 /2025 NuFIT
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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 x>

Outputs computed using Mixing Parameters Tools (MPT) Mathematica package

The x° best fit points corresponding to 8= - and 8= -57/6, are boxed in green

The best value set with the lowest z*is boxed in red, we refer to this as the Simple
1\/2,1:1,2[ Alignment - achieves 1o agreement w/ all mixing angles, mass squared

differences, and Dirac CP violating phase

L3

UNIVERSITY

TABLE I. Inputs: Flavon alignments/VEVs, phases, and corresponding minima of €, derived from the Master Formula calcu-
lations and x? analysis under the TBC3 ansatz. Outputs: Low-energy observables computed via Mixing Parameters Tools [47]
using the Dirac mass matrix constructed from the alignments given in “Inputs” and corresponding reduced x? value. Bold
rows indicate reduced x2(6°%, €., B) best-fit points. The best alignment has its x2 value, 0.632, marked with stars.

2500

2000

1500

o= -TT

Inputs (6€F,n;) [rad]

Outputs (6:5,5°F)[°]

A [rad]

FIG. 11. 6P = —zrad, individual x? for each of the 5 low-
energy observables for the minimizing value €, = 0.1393.

8P | A= (0,e,/)T | B=(1,bc)T M2 73 €p 8P | 012 | 013 | 023 |ma/ms3|Reduced x?
- 1.424.1 2.614,2.118 | -1.403 |-0.483|0.1393 | 180.5 | 33.61 | 8.64 | 42.18 | 0.172 0.997
- V2,1 SV3,3v2 |[-11w/24| -m/6 | 0.1451 | 174.6 | 33.78 | 8.42 | 42.44 | 0.175 2.513
- V2,1 1,2 /3 0 | 0.2758 | 192.2 | 33.95 | 8.57 | 42.55 | 0.174 *0.632*
-57/6 V2,1 2v/2,V/3 /16 | /8 | 0.1369 | 163.3 | 33.68 | 8.47 | 42.80 | 0.175 1.910
-57/6 4/3,1 3,3/2 57/12 | m/8 | 0.1303 |144.61| 33.95 | 8.77 | 42.77 | 0.171 3.131
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Lagrangian

e A, chosen as starting point since it naturally yields TM2 PMNS

mixing ansatz which was in good agreement with data until recently

e  Neutral lepton sector has its symmetry badly broken by the VEVs
of the flavons ¢, - shaping symmetries ensure that their VEVs each

independently determine the columns of the Dirac mass matrix
e  Shaping symmetries further ensure diagonality of Majorana mass
matrix and that the required structure for RSD is preserved

Lepton Mass Lagrangian

L3

UNIVERSITY

-< 3%(1_4}](,0)163 + yXM(EZHﬁp)llfﬂR +

+y/]il (EZI:I¢1)1N1 +

yXQ (LiHo)1 N,

+yi3 (LiHp3)17 N3

XiXi
A

N

+

3
(N{N;) [Zz‘,le + 22

=1

Yr

A

+ h.c.,

(I_/ZH{,O)llTR

(53)

TABLE II. A4 x (Z3)* x (Z2)?-symmetric Lagrangian field contents and representations under A4 and the auxiliary Z3 and
Z5* shaping symmetries. Here w is the cubic root of unity, w = *7/3.
The shaping
symmetries L H ¢ exn prn m N N Ns 4 b b x1 x2 X3
Ay 3 1 3 i i 1” | 1 1/ 3 3 3 1 i 1”
furthermore ensure = =5 T : ) ; ; 0 : "B :
that these are the : “ 3 N
7z 1 1 1 1 1 1 1 w 1 1 w? 1 1 w? 1
only allowed mass , ,
Zh 1 1 1 1 1 1 1 1 1 1 1
terms up to > . . . . - v —
dimension-5 in the VA w il 1 w w w w w w w w w w w w
Lepton sector Zn 1 1 1 1 1 1 = | 1 1 - 1 1 1 1 1
752 1 1 1 1 1 1 | —1 1 1 -1 1 1 1 1
: . 13
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Resonant I.eptogenesis

Michael Fodroci I TeVPA, Tendo, Japan

First, connect Master Formula terms to
Lagrangian terms

Examine how constraints on Yukawa
couplings, sphaleron freeze out
temperatures, and cutoff scale A translate
into constraints on RH neutrino mass
Using Simple (72.1:1.2) Alignment and
our allowed range of Yukawa couplings,
A, and RH neutrino masses, we find the
range of mass splittings that can yield
sufficient lepton asymmetry (and in turn
produce the observed BAU)

My = mD]V[glmg

= 2]§IA2 <Z/1231 (1) (1) + y3, ($2) (¢2>T>

mn, =M —-A, mn,=M+A=mp,(1+za)

Zerit = o ~ S
Teph  131GeV
01 < yp, <1,
100 TeV < A < 419TeV,
245 x 1072 GeV < ZAmin < 4.31 x 1076 GeV|
Set | yp, | A[TeV]|mn, [TeV]| zerit | Ta,min [GeV]
1 01| 419 0.13 1 |245%x107°
2 01| 100 2.3 17.56 | 4.31 x 1078
3 | 1| 419 2.3 100 | 2.45 x 1077
4 1 100 230 1756 | 4.31 x 107°

TABLE III. The four extreme points of the parameters
(yp,, A) and their corresponding my, , Zerit, and Ta min-

0.13TeV < mpy, < 230TeV|

m, = Mg, (AAT -+ e,,BBT)

_0yp, b,
ma_2]\/]A2’ I/_yl%l
September 3rd, 2026
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— 2:y1 (therm.IC) -- 2:n (zero IC)
0.01fF
3: . (therm. IC) 3: 1. (zero IC)
10df— asepeseemeeeesive — 4:y. (therm. IC) -- 4:q (zeroIC) |
K3
1076
1078
0-19)
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z=mn1/T

FIG. 17. np for zao = 2.45 x 1072 GeV for the following
extreme point sets: 1(yp, = 0.1,A = 419TeV), 2(yp, =
0.1,A = 100TeV), 3(yp, = 1,A = 419TeV), 4(yp, = 1,A =
100 TeV)

1: 1. (therm. IC) 1: n1. (zero IC)
— 2:q (therm. IC) -- 2:p (zero IC)

0.01F . i

3: . (therm. IC) 3: . (zero IC)
10-4F — 4:pi (therm. IC) -- 4:ny (zero IC)
107
1078
1071() =

0.01

z=my/T

FIG. 18. 7 for za = 4.36 x 107%GeV for the following
extreme point sets: 1(yp, = 0.1,A = 419TeV), 2(yp, =
0.1,A = 100TeV), 3(yp, = 1,A = 419TeV), 4(yp, = 1,A =
100 TeV)
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Summary Preprint: arXiv:2608.06983 ?
Ol

e  Suggested TBC3 PMNS matrix ansatz that:

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

o  Minimizes parameters by setting solar and atmospheric angle deviations equal

e  Showed that in RSD, SD can still be achieved with degenerate RH neutrino masses via Yukawa couplings alone
e  Using TBC3 ansatz + SD based model building techniques, searched for simple Dirac matrix textures compatible with mixing data

° Found Simple 1\/2,1:1,2! Alignment : achieves 1o agreement with all mixing angles, Dirac CP phase and mass squared differences

° Created A 4ﬂ3)4ﬂ;)2-symmetric Lagrangian that admits our Simple g\/2,1:1,2) Alignment, and resonant leptogenesis

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

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