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▸ Motivation 

▸ Origin of Neutrino Masses 

▸ Modular Symmetries as Flavor 
Symmetries 

▸ Neutrino Masses and  

▸ Modular  Symmetric 
Scotogenic Model 

▸ non-Holomorphic Modular  
Symmetric Scotogenic Model 

▸ Summary
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2OVERVIEW



3MOTIVATION

Neutrino Mass Origin? 

Source of Neutrino 
mixing? PMNS matrix 

Dark Matter?
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Seesaw-I
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Seesaw-II

ORIGIN OF NEUTRINO MASSES
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Radiative Majorana Neutrino Masses

Fraser, Ma, OP[2014]
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E. Ma and OP, PLB(2017)

https://doi.org/10.1016/j.physletb.2016.11.027
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MODULAR SYMMETRY

[arXiv:1706.08749]

https://arxiv.org/abs/1706.08749v2
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s2 = t3 = (st)3 = e

[arXiv:1003.3552]

https://arxiv.org/abs/1003.3552v2
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NEUTRINO MASSES VIA  SYMMETRY𝒜4

bimaximal and tribimaximal 
Max ;  ; 
Degenerate neutrino masses 
Soft breaking  small mass splittings, 

sin(θ23) sin(θ13) = 0

→ sin(θ13) ≠ 0

E. M
a, G

. Rajasekaran, PRD
(2001) 

K.S. Babu, E. M
a, J.W

.F. Valle, PLB(2002)

https://doi.org/10.1103/PhysRevD.64.113012
https://doi.org/10.1016/S0370-2693(02)03153-2


A MODULAR  SYMMETRIC SCOTOGENIC MODEL𝒜4 12

→ Y (6)
1 (H†η)2

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

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

Y(2)
3 = (y1, y2, y3)
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T. Nomura, H. Okada, OP, PLB(2025)

https://doi.org/10.1016/j.physletb.2024.139171
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SUMMARY
▸ Naturally small neutrino masses (radiative model) 

▸ Minimal field content  

▸ 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, ) and cosmological observations (DESI2024)
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THANK YOU!


