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The need for discrete flavor symmetries

Need to explain
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three flavors of SM particles
observed mass patterns
CKM, PMNS phases
neutrino physics
suppression of proton decay
baryogenesis
CP violation
(even) dark matter?
...
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...

There are plenty of non-Abelian discrete symmetries that satisfy
basic phenomenological constraints
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three flavors of SM particles
observed mass patterns
CKM, PMNS phases
neutrino physics
suppression of proton decay
baryogenesis
CP violation
(even) dark matter?
...

There are plenty of non-Abelian discrete symmetries that satisfy
basic phenomenological constraints

Problem: Which one is THE right one ??
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In Abelian, toroidal heterotic orbifolds

Orbifold O = R
6/S ← space group: rotations, reflexions and shifts
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In Abelian, toroidal heterotic orbifolds

Orbifold O = R
6/S ← space group: rotations, reflexions and shifts

All geometric properties depend on S
Non-Abelian flavor symmetry groups F :

- A: permutation symmetries among fixed points → Sn

- B: discrete charges related to S → ZN1
× ZN2

× ZN3
× · · ·

Kobayashi, Nilles, Plöger, Raby, Ratz (2007); Nilles, Ratz, Vaudrevange (2012)
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In Abelian, toroidal heterotic orbifolds

Orbifold O = R
6/S ← space group: rotations, reflexions and shifts

All geometric properties depend on S
Non-Abelian flavor symmetry groups F :

- A: permutation symmetries among fixed points → Sn

- B: discrete charges related to S → ZN1
× ZN2

× ZN3
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Kobayashi, Nilles, Plöger, Raby, Ratz (2007); Nilles, Ratz, Vaudrevange (2012)

ZN1
× ZN2

× · · ·

space group

Sn

F

permutations

generate the

group F

ZN1
× ZN2

× · · · ∪ Sn = F

Abelian non-Abelian non-Abelian!
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ZN1
× ZN2

× · · ·

space group

Sn

F

permutations

generate the

group F

ZN1
× ZN2

× · · · ⋊ Sn = F

Abelian non-Abelian non-Abelian!
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Examples in 1D, 2D

→ F = D4 = S2 ⋉ (Z2 × Z2)
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Examples in 1D, 2D

→ F = D4 = S2 ⋉ (Z2 × Z2)

→ F = ∆(54) = S3 ⋉ (Z3 × Z3)
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Examples in 1D, 2D

→ F = D4 = S2 ⋉ (Z2 × Z2)

→ F = ∆(54) = S3 ⋉ (Z3 × Z3)

→ F = D4 ×D4/Z2
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Examples in 1D, 2D

→ F = D4 = S2 ⋉ (Z2 × Z2)

→ F = ∆(54) = S3 ⋉ (Z3 × Z3)

→ F = D4 ×D4/Z2

Can be more involved (orbifold with roto-translations)

→ F = D4
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Natural question 1:

Aiming at a guiding principle from an UV complete theory,...
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Natural question 1:

Aiming at a guiding principle from an UV complete theory,...

what flavor symmetries are realized

in heterotic orbifolds?
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Explore all 138 Abelian space groups S already known

Fischer, Ratz, Torrado, Vaudrevange (2013)
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We find all possible flavor symmetries (without enhancement)

SRS (2017), Olgúın-Trejo, Pérez-Mart́ınez, SRS (2018)
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SRS (2017), Olgúın-Trejo, Pérez-Mart́ınez, SRS (2018)
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Natural question 2:

Wilson lines are needed to get MSSM-like models;
Ibáñez, Nilles, Quevedo (1987)

They break explicitly (the permutations in) flavor symmmetries...
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Natural question 2:

Wilson lines are needed to get MSSM-like models;
Ibáñez, Nilles, Quevedo (1987)

They break explicitly (the permutations in) flavor symmmetries...

what flavor symmetries survive

in realistic compactifications?
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Orbifolder needed as a tool (Nilles, SRS, Vaudrevange, Wingerter (2011))
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http://stringpheno.fisica.unam.mx/orbifolder


Our comprehensive classification of MSSM-like models

SRS (2017), Olgúın-Trejo, Pérez-Mart́ınez, SRS (2018)
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SRS (2017), Olgúın-Trejo, Pérez-Mart́ınez, SRS (2018)
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Flavor symmetries in MSSM-like models

SRS (2017), Olgúın-Trejo, Pérez-Mart́ınez, SRS (2018)
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Flavor symmetries in MSSM-like models

SRS (2017), Olgúın-Trejo, Pérez-Mart́ınez, SRS (2018)

6,563 ZN heterotic orbifolds with MSSM-like properties
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Flavor symmetries in MSSM-like models

SRS (2017), Olgúın-Trejo, Pérez-Mart́ınez, SRS (2018)

Saúl Ramos-Sánchez – UNAM Flavor in MSSM-like heterotic orbifolds



Flavor symmetries in MSSM-like models

SRS (2017), Olgúın-Trejo, Pérez-Mart́ınez, SRS (2018)
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Flavor symmetries in MSSM-like models

SRS (2017), Olgúın-Trejo, Pérez-Mart́ınez, SRS (2018)

87,809 ZN×ZM heterotic orbifolds with MSSM-like properties
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Punch line

Flavor symmetries from compactification geometry:
Kobayashi,Nilles,Plöger,Raby,Ratz (2007)

Zspace group

Sn

F
permutations
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Punch line

Flavor symmetries from compactification geometry:
Kobayashi,Nilles,Plöger,Raby,Ratz (2007)

Zspace group

Sn

F
permutations

Full classification of flavor symmetries in Abelian orbifolds
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Punch line

Flavor symmetries from compactification geometry:
Kobayashi,Nilles,Plöger,Raby,Ratz (2007)

Zspace group

Sn

F
permutations

Full classification of flavor symmetries in Abelian orbifolds
Full “classification” of Abelian heterotic orbifolds
with ∼ 94, 000 nice models
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Full “classification” of flavor symmetries in MSSM from strings

50% of them exhibit D4 flavor symmetry → 2 + 1 families
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Punch line

Flavor symmetries from compactification geometry:
Kobayashi,Nilles,Plöger,Raby,Ratz (2007)

Zspace group

Sn

F
permutations

Full classification of flavor symmetries in Abelian orbifolds
Full “classification” of Abelian heterotic orbifolds
with ∼ 94, 000 nice models
Full “classification” of flavor symmetries in MSSM from strings

50% of them exhibit D4 flavor symmetry → 2 + 1 families

5% of them enjoy ∆(54) → 3 “identical” families
[Hans-Peter]
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Flavor symmetries from compactification geometry:
Kobayashi,Nilles,Plöger,Raby,Ratz (2007)

Zspace group

Sn

F
permutations

Full classification of flavor symmetries in Abelian orbifolds
Full “classification” of Abelian heterotic orbifolds
with ∼ 94, 000 nice models
Full “classification” of flavor symmetries in MSSM from strings

50% of them exhibit D4 flavor symmetry → 2 + 1 families

5% of them enjoy ∆(54) → 3 “identical” families
[Hans-Peter]

45% only Abelian flavor symmetries (!!)
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Punch line

Flavor symmetries from compactification geometry:
Kobayashi,Nilles,Plöger,Raby,Ratz (2007)

Zspace group

Sn

F
permutations

Full classification of flavor symmetries in Abelian orbifolds
Full “classification” of Abelian heterotic orbifolds
with ∼ 94, 000 nice models
Full “classification” of flavor symmetries in MSSM from strings

50% of them exhibit D4 flavor symmetry → 2 + 1 families

5% of them enjoy ∆(54) → 3 “identical” families
[Hans-Peter]

45% only Abelian flavor symmetries (!!)

To do

compare with other classifying tools

identify common properties

study phenomenology

symmetry enhancement?

are there predictions?
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An ad that should not be missed
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