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Outline
* Brief summary of modular symmetries
    - Symmetries of a 2D torus
    - Finite groups and modular forms

* Flavor from orbifold compactifications
    - Toroidal orbifold compactifications
    - Traditional flavor symmetries
    - Narain orbifolds as common source of all kinds of flavor and CP
    - Eclectic Flavor scheme from strings
    - Local Flavor Unification

* Flavor from compactifications on magnetized tori
    - Recall: metaplectic symmetries
    - Dirac eq. solutions on tori with fluxes
    - Couplings
    - Metaplectic flavor symmetries from tori



Modular and eclectic flavor symmetries from string compactifications Saúl Ramos-Sánchez, UNAM

* Modular symmetries



Modular and eclectic flavor symmetries from string compactifications Saúl Ramos-Sánchez, UNAM

* Modular symmetries



Modular and eclectic flavor symmetries from string compactifications Saúl Ramos-Sánchez, UNAM

* Modular symmetries



Modular and eclectic flavor symmetries from string compactifications Saúl Ramos-Sánchez, UNAM

* Modular symmetries

see e.g. Liu, Ding (2019) see e.g de Adelhaart, Feruglio, Hagedorn (2011)
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Nilles, Ratz, Trautner, Vaudrevange (2018)

Baur, Kade, Nilles, Ramos-Sanchez, Vaudrevange (2021)
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Kobayashi, Nilles, Ploeger, Raby, Ratz (2006)

Ramos-Sánchez (2017); Olguín-Trejo, Pérez-Martínez, Ramos-Sánchez (2018)

Carballo-Pérez, Peinado, Ramos-Sánchez (2016)
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Kobayashi, Nilles, Ploeger, Raby, Ratz (2006)

Ramos-Sánchez (2017); Olguín-Trejo, Pérez-Martínez, Ramos-Sánchez (2018)

Carballo-Pérez, Peinado, Ramos-Sánchez (2016)

* Flavor from toroidal orbifold compactifications 

- Traditional flavor symmetries

Lauer, Mas, Nilles (1989,1990)
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- Narain Tori and Narain Orbifolds

Narain (1986); Narain, Samadi, Witten (1987); Groot-Nibbelink, Vaudrevange (2017) 
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Baur, Nilles, Trautner, Vaudrevange (2019)
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* Flavor from toroidal orbifold compactifications 

- Flavor symmetries from outer automorphisms of the Narain space group

Lauer, Mas, Nilles (1989, 1990)

Ibáñez, Lüst (1992)

use e.g. GAP 4.11.1



Modular and eclectic flavor symmetries from string compactifications Saúl Ramos-Sánchez, UNAM

* Flavor from toroidal orbifold compactifications 
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Nilles, Ramos-Sánchez, Vaudrevange (2020)
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* Flavor from toroidal orbifold compactifications 

- Flavor symmetries from outer automorphisms of the Narain space group

Erler, Jungnickel, Spalinski, Stieberger (1993)
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* Flavor from toroidal orbifold compactifications 

- Flavor symmetries from outer automorphisms of the Narain space group

Baur, Kade, Nilles, Ramos-Sánchez, Vaudrevange (2020,2021)
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* Flavor from toroidal orbifold compactifications 

- Flavor symmetries from outer automorphisms of the Narain space group

Ding, Feruglio, Liu (2020)

Baur, Kade, Nilles, Ramos-Sánchez, Vaudrevange (2020)
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* Flavor from toroidal orbifold compactifications 

- Eclectic Flavor Scheme

Baur, Nilles, Ramos-Sánchez, Trautner, Vaudrevange (to appear in 2021)
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Flavor symmetries from magnetized tori

Cremades, Ibáñez, Marchesano (2004)
Kikuchi, Kobayashi, Takada, Tatsuishi, Uchida (2020)
Ishiguro, Kobayashi, Otsuka (2020)
...
Tatsuta (2021)
Almumin, Chen, Knapp-Pérez, Ramos-Sánchez, Ratz, Shukla (2021)
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* Flavor from compactifications on magnetized tori 

- Metaplectic modular groups

Liu, Yao, Qu, Ding (2020)
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Tatsuta (2021); Almumin, Chen, Knapp-Pérez, Ramos-Sánchez, Ratz, Shukla (2021)
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 Almumin, Chen, Knapp-Pérez, Ramos-Sánchez, Ratz, Shukla (2021)
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Where are we and what is still missing?

* Toroidal string compactifications provide a rich scheme of traditional and modular symmetries
    - Common origin for traditional, modular and CP-like symmetries
    - Eclectic picture: nontrivial mixing of traditional and modular flavor symmetries
    - Restrictions on modular weights, representations, Kähler potential  --> more predictability!
    - In general, large flavor symmetries
    - Simplectic (multiple moduli) and metaplectic ( fractional mod weight) symmetries arise 

* To come
    - Phenomenology
    - Complete non-SUSY picture of flavor with modular symmetries
    - Wilson lines,...


