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Why modular physics for flavor physics?

Song, Li, Argüelles, Bustamente (2021)

Future experiments to increase 
precision in neutrino flavor 
parameter measurements.

Our theoretical uncertainties 
shouldn’t be bigger than the 
experimental error bars
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How do we control these Kähler terms?
Where do these modular forms come 
from?
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Feruglio (2017)
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Flavor physics from magnetized tori

6D = Minkowski  field + Torus wavefunction 

6D 4D 2D

Gauge Group: U(N)
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Flavor physics from magnetized tori

We obtain 3 types of chiral fields with 

number of copies. These numbers depend on the magnetic fluxes. The Yukawa couplings are
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The superpotential is

Cremades, Ibáñez and 
Marchesano. (2004)
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Almumin,Chen, Knapp-Pérez, Ramos-Sánchez, Ratz, Shukla (2021)
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Yukawa couplings from magnetized tori
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Magnetized tori wavefunctions were thoroughly studied and it was stated that T transformation for odd M 
didn’t follow boundary conditions 

Ohki, Uemura, Watanabe (2020);
Kikuchi, Kobayashi, Takada, Tatsuishi, and  
Uchida (2020)

Do

The wavefunctions need to satisfy boundary conditions

Do modular transformed wavefunctions follow 
correct boundary conditions?
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However, odd M are fine!

The transformation rule is 

This was also studied through 
Scherk-Schwarz phases:  Shota, Kobayashi, and 
Uchida. (2021)
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Yukawa couplings from magnetized tori
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Using this wavefunctions, the overlap integral was calculated to be
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where

Cremades, Ibáñez and 
Marchesano. (2004)

Sum over several theta-functions



Yukawa couplings from magnetized tori

However, this expression was not simplified for d ≠ 1
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The simplified equation is 

Almumin,Chen, Knapp-Pérez, 
Ramos-Sánchez, Ratz, Shukla 
(2021)
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The exponential suppression can be thought as the overlap of two gaussians
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Under S and T modular transformations

the Yukawa couplings transform as 

Metaplectic modular 
symmetries!!!
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We need to consider the metaplectic group

with the multiplication rule

and the generators

which satisfy



Modular transformations of Yukawa couplings

Almumin,Chen, Knapp-Pérez, 
Ramos-Sánchez, Ratz, Shukla 
(2021)

13



Modular transformations of Yukawa couplings

Almumin,Chen, Knapp-Pérez, 
Ramos-Sánchez, Ratz, Shukla 
(2021)

Conjecture:
Magnetized tori 
exhibit a finite 
modular symmetry of 
the form
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● Wilson lines =  Scalar particles with mass corrections under control: 
Buchmuller, Dierigl, Dudas, Schweizer (2017); Buchmuller, Dierigl, Dudas (2018) 

● Is SUSY needed?
● Are modular symmetries a way to connect higher dimensional theories 

with experimental observations? Baur, Nilles, Ramos-Sánchez, Trautner, and Vaudrevange. 
(2022)

Summary 



Thank you!
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