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1. Introduction

Particle First Second Third Mixing matrix
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Masses of elementary particles are different each generation.

Lepton flavor mixing is quite different from quark one.

- Generation Mysteries
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As we shown, we use non-Abelian discrete symmetry as flavor 
symmetry to naturally explain mass hierarchy and flavor mixing 
for elementary particles.

Those vacuum expectation values determine the flavor structure 
of quarks and leptons. However, the breaking sector of flavor 
symmetry typically produces many unknown parameters.

We introduce non-Abelian discrete symmetry and the scalar 
fields (so-called “flavons”).

We derive large mixing for lepton sector by using VEV of 
flavon and its alignment.

For previous talk
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Superstring theory with certain compactifications can lead to 
non-Abelian discrete flavor symmetries. For example, heterotic 
orbifold models lead to D4, ∆(54), etc.

Similar flavor symmetries are also derived in type II 
magnetized and intersecting D-brane models.

It is interesting that the modular group includes S3, A4, S4, and A5 
as its finite subgroups,Γ(N). However, there is a difference 
between the modular symmetry and the usual flavor symmetry. 
Yukawa couplings are written as modular forms, functions of the 
modulusτ, and transform non-trivially under the modular 
symmetry as well as fields. On the other hand, Yukawa couplings 
are invariants in the usual flavor symmetries. In this aspect, an 
attractive ansatz was proposed by taking Γ(3) ≃ A4.

T. Kobayashi, H. P. Nilles, F. Ploger, S. Raby and M. Ratz, Nucl. Phys. B 768, 135 (2007)

H. Abe, K. S. Choi, T. Kobayashi and H. Ohki, Nucl. Phys. B 820, 317 (2009); 
M. Berasaluce-Gonzalez, P. G. Camara, F. Marchesano, D. Regalado and A. M. Uranga, JHEP 1209, 059 (2012)

F. Feruglio, arXiv:1706.08749
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2. Modular symmetry

Wikipedia

K. Takagi’s Ph.D. thesis (2020)
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2. Modular symmetry

K. Takagi’s Ph.D. thesis (2020)
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2. Modular symmetry

K. Takagi’s Ph.D. thesis (2020)
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2. Modular symmetry
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2. Modular symmetry

F. Feruglio, arXiv:1706.08749
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3. Modular A4 flavor model

Charged lepton mass matrix is written as
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3. Modular A4 flavor model

Superpotential for the Dirac neutrino is decomposed as
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3. Modular A4 flavor model

Dirac neutrino mass matrix is written as
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3. Modular A4 flavor model

Superpotential for the right-handed Majorana neutrino is 
decomposed as
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3. Modular A4 flavor model

The right-handed Majorana neutrino mass matrix is written as
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3. Modular A4 flavor model

We obtain the left-handed Majorana neutrino mass matrix 
by using type I seesaw mechanism,
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§Numerical analyses
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NuFIT 4.1 (2019)
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NuFIT 5.0 (2020)
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§Global fit of the neutrino oscillation
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§Numerical analyses



20

4. Summary

We will apply non-Abelian discrete symmetry to the 
quark sector and consider origin of the flavor symmetry.

Wikipedia

answer?

From summary in previous talk


