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Flavor Symmetry of Orbifolds

New approach
1. Explicitly calculate the automorphisms of the Narain space group

2. Derive how string states transform under these symmetry operations

Traditional approach
Geometrical Symmetries S3

String Selection Rules Z3 × Z3

∆(54)

" Traditional Flavor Symmetry " e1

e2

Z
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Narain Orbifold

Narain space group. The Narain space group can be represented by augmented matrices:



ϑR tR
ϑL tL

0 1




Narain lattice. The Narain space group acts on momenta that lie in a Narain lattice:
(

pR
pL

)
= e−T

√
2

(
G − B −1
G + B 1

) (
ω
n

)
, G = r

2

(
2 −1

−1 2

)
, B = b

(
0 1

−1 0

)

Momenta are parametrized by strings winding and Kaluza-Klein quantum numbers ω and n.

As explicit example ... choose the T2/Z3 orbifold with all Wilson lines turned off.

[K. S. Narain et al.: Asymmetric Orbifolds] , [S. Groot Nibbelink, P. Vaudrevange: 1703.05323]
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Automorphisms

Form of the automorphisms. Demand the automorphisms to be of the same form as the space group, i.e.

h =


 GL(2d,R)

tR
tL

0 1




Further conditions. 0. Automorphism of Narain space group, i.e. G h7−→ G

1. Preserve the Narain metric

2. Leave p2
L and p2

R invarinat

Results.

Translation in KK number

n = 1
3

(
1
1

)
Translation in winding number

ω = 1
3

(
1
2

)
180◦ rotation

ϑ = −14
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Modular Transformations

Modular Transformations. The modular transformations of the Torus:

/
Z3 Narain Orbifold:

/
massless states:

[
(SL(2,Z)ρ × SL(2,Z)τ ) o (Z2 × Z2)

]/
Z2

ρ = e2πi/3

T ′

Conditions. 0. Automorphism of Narain space group, i.e. G h7−→ G

1. Preserve the Narain metric

2. Leave p2
L and p2

R invarinat ⇔ Leave moduli invariant

Modular transformations fulfill these conditions at their fixed points in moduli space!
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Flavor Symmetry of T2/Z3 Orbifold
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Modular transformations

SL(2,Z)τ < S τ 7→ − 1
τ

T τ 7→ τ + 1
Z2 –– U τ 7→ −τSpontaneous CP breaking

∆(54): CP 7

SG(108,17): CP "

Varying the VEV of the Kähler
modulus 〈τ〉 by δτ breaks CP
spontanously
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Conclusions

I Designed a generic method to find flavor symmetries of orbifolds

I Traditional flavor symmetry is enhanced by modular transformations (including CP)

I However, not all modular transformations can appear as flavor symmetries

I The concept of local flavor symmetries allows different flavor groups for different sectors of the theory

I Next step: Calculate flavor symmetries of 6-dim Orbifolds
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