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MOTIVATION

Standard Model of Elementary Particles
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GSM = 5U(3)C X SU(Q)[_ X U(].)y
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* Neutrino Mass Origin?

* Source of Neutrino
mixing? PMNS matrix

* Dark Matter?

SCALAR BOSONS

LY =aY,QH + QY,dH + h.c.

h0>=V—) mf=YfV



ORIGIN OF NEUTRINO MASSES

Weinberg Operator 1979: £HLH — (’_H+—VHO)A(’_H+—VH°)
Add Ng ~ (1,1,0) under Gsp

Loew = NYpLH + myNeNp + h.c.
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ORIGIN OF NEUTRINO MASSES ;

Seesaw-I|

Add[1980] & = (6T1,£6T,£6%) ~ (1,3,1) under Gsu

Loew = YLEL — pHEH +hc. — m, = Y (€0) = 2"@2




ORIGIN OF NEUTRINO MASSES

Add Tg ~ (1,3,0) under Gsy SEESAW-III
Lnew — iYDLI_I -+ mNZRZR + h.c.

0 mp —m3,
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mp MmN my

v < my ~ 101GeV — m, < v with Yp ~ 1
or Yp € 1—= m, < v with my ~ O(10°73GeV)



ORIGIN OF NEUTRINO MASSES :

" Radiative Majorana Neutrino Masses
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URIGIN OF NEUTRINO MASSES Dirac Neutrino Masses
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MODULAR SYMMETRY
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NEUTRINO MASSES VIA o7, SYMMETRY ’

Cl . {6}, h = ].,
Cs: s, tst’,t’st}, h =2,
Cy: {t,ts,st,sts}, h=3,
Cy: {t?, st? t?s,tst}, h=3.
h|xi| x| x| xs
Cip |1]1 1 1 3
Cs; 12| 1 1 1 | -1
Cy, 13| 1| w |w | O
2
04, 3 ] “ “ 0 l=a1a2+b1b2+clcz,

l’ =a1a2+ w2b1b2+ wciCy,

(A)3X(B)3 — (AB)1+(AZB)1'+(AE*B)1” l"=a1a2+wb1b2+wzclcz.
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NEUTRINO MASSES VIA o7, SYMMETRY
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* bimaximal and tribimaximal
* Max sin(6,3); sin(@;;) =0
* Degenerate neutrino masses
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A MODULAR &/ , SYMMETRIC SCOTOGENIC MODEL "

Fermions Bosons
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SU2); 2 | | 2 2
U1y - -1 0 1 1]
Ay 1,1,1” 1,17,1 3 1 1
—k 0 0 —1 0 —3
Couplings —Lepton = Z yeli,Heg,
{=e,u,T
y (© y @ y® . )
p 1‘ 33 33 + oy Lr, (VY ® Noadi + Bule, (VS ® Np)y i
4 = ~
+ wli, (Y;§4) ® Nr)1'1
—k 6 2 - + M;(Ys” ® Ng ® Ng) +h.c.,
6 2
Y§ "=y 4+ Y3+ y3 —3y1y2y3, - Y©® (H'n)

T. Nomura, H. Okada, OP. PLB(2020)



https://doi.org/10.1016/j.physletb.2020.135294

MASS MATRICES 1
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NON-HOLOMORPHIC MODULAR </ , SYMMETRIC SCOTOGENIC MODELs

Fields SU(@3). SUQ2), U(l)y A,y k

L, 1 y) _ 3 -1
er 1 -1 3 1
N 1 | 0 3 0
H 1 y) . 1 0
" 1 y) - 1 1

T. Nomura, H. Okada, OP, PLB(2025)
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MODEL LAGRANGIAN
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SUMMARY
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Naturally small neutrino masses (radiative model)

Minimal field content (&274)

Candidate for dark matter (scotogenic = darkness)
Prediction for PMNS matrix/neutrino mixing (modular)
Correlation between Majorana and Dirac phases

Model is testable by current and future neutrino experiments
(KATRIN, Ovf/)) angkecosm 0\33 c_g_ ns (DESI2024)
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