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Motivation of non-Abelian discrete flavour symmetries
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Motivation of non-Abelian discrete flavour symmetries

Powerful predictions
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Fundamental problems of non-Abelian discrete symmetries

Anything behind non-Abelian discrete symmetries?

- A fundamental symmetry?

-+ A consequence of some more fundamental physics?



Fundamental problems of non-Abelian discrete symmetries

_ Anything behind non-Abelian discrete symmetries?

- A fundamental symmetry?

-+ A consequence of some more fundamental physics?

_ Domain wall problem Zeldovich, Kobzarev, Okun, 74;
Kibble, 76; Vilenkin, 85
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Fundamental problems of non-Abelian discrete symmetries

Anything behind non-Abelian discrete symmetries?
- A fundamental symmetry?

-+ A consequence of some more fundamental physics?

Is non-Abelian discrete symmetry

a fundamental symmetry of

spacetime
or

o

an effective symmetry after
a (gauge) continuous symmetry breaking




Origin |

The non-Abelian discrete symmetry as

a fundamental symmetry of
spacetime




Extra dimensions with orbifolding

o Twisted torus with a Z, parity

Altarelli, Feruglio, Lin, 0610165;
de Anda, King, Perdomo, 1812.05620 z—z+1
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Extra dimensions with orbifolding

~ Twisted torus with a Z, parity
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Extra dimensions with orbifolding

~ Twisted torus with a Z, parity
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Flavour symmetries from different orbifoldings

Kobayashi, Nilles, Ploger, Raby, Ratz, 0611020; Adulpravitchai, Blum,
Lindner, 0906.0468; Burrows, King, 0909.1433; 1007.2310;
Adulpravitchai, de Anda, King, 1803.04978...
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Modular symmetry as origin of flavour symmetry

- Modular symmetry Ferrara, Lust, Theisen, 89

generated by two independent lattice transformations.

N U N W N N

~ Finite modular symmetries

de Adelhart Toorop, Feruglio and Hagedorn, 1112.1340 1



Modular symmetry as direct origin of flavour mixing

A “classical” lavour transformation

Y — pr(y)y
A modular transformation
at +b
VIT =T = in modular space T with Im(t
ct +d
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A modular symmetry as the direct origin of flavour mixing

Proposed by Feruglio in 1706.08749, studied by ...

see talks by Feruglio, King, Penedo, Tanimoto, Titov

> Motivation for multiple modular symmetries

Compactification
10D




Multiple modular symmetries as origin of flavour mixing

de Medeiros Varzielas,

RH neutrino King, YLZ, 1906.02208 RH neutrino
Na Np
weight: -6 P ac Ppc weight: -4
RH ec, pe, 1° Lepton doublets L ~ 3:

weights: -6, -4, -2 zero weight
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Multiple modular symmetries as origin of flavour mixing

RH neutrino RH neutrino

Na Ng
weight: -6 weight: -4
RH ec, pe, 1° Lepton doublets L ~ 3:

weights: -6, -4, -2 zero weight
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Multiple modular symmetries as origin of flavour mixing

O ac and Dy : bridges to connect different modular symmetries

- VEVs of ®pc and ®pc are achieved via the flat directions

bi-triplet contraction PacPac + pua®Pac =0

triplet contraction DscPac =0

. Theory before and after S7' x SP x S¢ breaking
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Multiple modular symmetries as origin of flavour mixing

Ne Yukawa upling

0
Yp({tB)) = ( 1 )

Diagonal charged lepton Yukawa coupling
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Multiple modular symmetries

as origin of flavour mixing

2. — —\ Xing, S. Zhou, 0607302;
ORI U, = | —& — — | Lam, hep-ph/0611017;
™M, \{f-i Albright, Rodejohann,
—7 — ] 0812.0436.
normal hierarchy 0=m1 < myo < ms
Para XQ 01 a2 Or 21 M2
- ' 0.74 64.53° 20.38° 43.01° 0.00633¢V 0.0114eV
| 734.33° 861° 496° 200° 0.00860eV 0.0502eV 0.00206eV
Dara X2 031 (8% Or H1 M2
second B ' 1.6 | 70.16° 16.62° 43.51° 0.00651eV 0.0135eV
octant Obs. 019 011 Oos i) Mo my me. i
34.33° 862° 486° 285° 0.00860eV 0.0502eV 0.00188eV
Para X2 03] 7% Or 251 2
B9 ' 55 | 358.73° 338.80° 24.65° 0.00333eV 0.0114eV
Obs 019 01 Ooa i) mo my me,
| 734.34° 856° 41.5° 254° 0.00860eV 0.0502eV 0.00319eV
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Origin 11

The non-Abelian discrete symmetry as

an effective symmetry after
a (gauge) continuous symmetry
breaking
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SO(3)—™A4, S, and As
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Ovrut, 77; Etesi, 9706029; Berger and Grossman, 0910.4392
SV RV e.9., Luhn, 1101.2417; Merle, Zwicky, 1110.4891
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SO(3) as origin of discrete symmetries

¢ How to realise it?
— —using high dimensional irrep

-
39
v

[
7

5 =0

¢ For the first time, we realised it in SUSY with the

help of flat direction
King, YLZ, 1809.10292
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A4 breaking to Z3 and Z,

-~ One way (not unique) to breaking A4 to Z; and Z,




Framework of model building

Leptons 14 N  €° R, R,

SO(3)

W ¢ W
W ¢ [0
I~ —

(€) ~1ves 0, (0,0,0)}

lLepton mixingl 5 ~ (1/, 17, 3)
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Lepton masses and mixing

= Charged lepton mass matrices

a1 e SO(3) x U(1) ~ SU(2) x U(1)
©A3 " -
3\ 1

How to extract the 1’ and 1” of A4 from the irrep of SO(3)?

| Yul é{ol j-l Y b'gt{o V. K-[-ld 2\/—}/;1'3 N ]]-3x3 -lld }i-c ]_/
Wh = (€7, Lo, Lys) 0 Y . D13 0 I
JIZ"@M‘ J:2"01n Vi 2 3Y,2"L'5 Taxa 3
(37 lv 3) VA e ’ 5 3
VoS VIHy yoeVoHa OWrS)Ha\ e\ 1/
= (£", Lo, L]g) 0 Yr 2/;’\ O1xs R, 1"
(;7 1, 3) Csx1 Csx1 2v/3Y,ove 1ayg) \fr3 3
After heavy leptons decouple, ~
(U‘?‘M Yy J:;:\z Yr i ., v [0 0 0
M= | gtz wy,tevn 2y te | O SM, = 2XTe L 4 dw?® 0
fA3 B /3A% T 3N A3 ,
v V2 A 0 cw?+dw 0

0] @ 2,, Vel -y Ve
\y€1\3 W U}.L /3\2 Wyr \/3-'\

bal| =

23



Lepton masses and mixing

~ Neutrino mass matrix

Ay i} _
Wy = yN(EJV)LHu + J_"UZ(N‘N )l + )\X (X(Nl )Q)l_
- a 0 0
Mp = ° = “13x3 My = 0 a b
V2 0 b a

Nothing special, but the Z>-preserving one.

~ Mixing is given by TBM + eu-mixing correction

sin 0,

J King,0506297;
V2 Antusch and King,0508044;

) 0 i € iy King and Malinsky, 0608021;
\/ 2 — 25i0 26ey, COS @y Masina, 0508031;

S1n 913

sin 912

)

3(2 — gin® 6’6“) Antusch, Huber, King, Schwetz,
cos f 0702286; Ballett, King, Luhn,
e Pascoli, Schmidt, 1410.7573;

\/ 2 — sin? Hw . E Girardi, Petcov, Titov, 1410.8056.

) = arg ((3 cos 26, + cos 40.,,) cos Pe,, — t(cos 28, + 3) sin ¢, + sin 298#)

S11 923 —
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The absence of domain wall in our model

SO@3) x U(1)—»>A4, the breaking of gauge symmetry does not
generate domain walls.

As—7Z, and Z5 , even if the energy gap between different

vacuums is generated, it will decay to gauge bosons and
finally to leptons. The two vacuums are finally identical with
each other via gauge transformation.

decay to SO(3) gauge
bosons (on/off shell?)

potential

—>

\? Leptons

space

Vacuuml|l Domainwall Vacuumll
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Summary
Non-Abelian discrete symmetries from ...

extra dimensions

& A simple example of how to realise A4 via orbifolding.
& Multiple modular symmetries as the direct origin of flavour mixing.

a gauge symmetry breaking

M SO(3) breaking to A4, S4 or As via VEV of high irreps.

& A gauge SO(3) x U(1) flavour model is introduced. Through a two-step
symmetry breaking, SO(3)—As— 23, Z2, flavour mixing is realised, fully
consistent with oscillation data.

M The domain wall problem is absent.

Thant -y
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