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Neutrmo oscillations confirmed neutrino masses and lepton mixing g




Neutrino masses and lepton mixing
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Neutrino masses and lepton mixing

Pontecorvo—Maki—Nakagawa—Sakata (PMNS) matrix
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Why we need a flavour symmetry (FS)?

~ To explain large mixing in the lepton sector
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What 1s the flavour symmetry?

Gauge symmetry €S

)
Flavour
symmetry s

1) @)
() ()

Continuous Discrete

Non-Abelian SU(3), SO(3),... As4, S4, T’, As, A(48), ...



Powerful predictions of non-Abelian discrete flavour symmetries

Democratic —> < 0 <0

Bimaximal O <——=®

Tri-bimaximal o—> O < 0>

Golden Ratio ) — O >

TFH <0 <e>

Global fits of OI S . " o "

oscillation data (7.99°,8.91°) (31.61°,36.27°)/ (40.3°,52.4°) | 30@QNuFIT
0° 10° 30° 40° 45° 50° 60°

® 03 ® 0 ® 0,3



Symmetries vs mixing patterns

- Sketch between A4 and TBM = Necessary corrections
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Fundamental problems of non-Abelian discrete symmetries

_ Origin of non-Abelian discrete symmetries

- A fundamental symmetry?

A consequence of more fundamental physics?

_ Domain wall problem Zeldovich, Kobzarev, Okun, 74:

Kibble, 76; Vilenkin, 85
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Fundamental questions of non-Abelian discrete symmetries

__ Origin of non-Abelian discrete symmetries

- A fundamenig LA

A consequence of more fundamental physics?
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SO(3)— A4, Ssand As
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SO(3) as origin of discrete symmetries

¢ How to realise it?
— —using high dimensional irrep
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¢ 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 Z3 and 7.,
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Framework of model building
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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 " -
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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| =

17



Lepton masses and mixing

~ Neutrino mass matrix

Ay . _
Wy = yN(EJV)LHu + J_"IIZ(N‘N )L + )\X (X(Nl )Q)l_
- a O 0
M n = 7D ]]-SX 3 'A,:[A'I — U a b
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Nothing special, but the Z>-preserving one.

~ Mixing is given by TBM + eu-mixing correction

sin B3 = 1N Gey , King,0506297;

V2 Antusch and King,0508044:

, )z € Ny King and Malinsky, 0608021;
Gind, — )2 25020euCOS b paging 0508031

3(2 — sin” eeu) - Antusch, Huber, King, Schwetz,
cos f. 0702286; Ballett, King, Luhn,
Sin oy = o , Pascoli, Schmidt, 1410.7573;
/2 —sin?0,, Girardi, Petcov, Titov, 1410.8056.
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The absence of domain wall in our model

SO(3) x U(1)—> Ay, the breaking of gauge symmetry does not

generate domain walls.

Ay4— 7, and Z , 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?)
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A SUSY gauged SO(3)xU(1) flavour model

SO(3) x U(1)

{Lepton mixing}

M No fundamental discrete symmetries
introduced at the UV scale. No domain
wall problems any more.

™ Two-step symmetry breaking
SO(3)—As—7Z3, Z> achieved.

M Vacuum stable under sub-leading
correction by imposing U(1).

™ Tri-bimaximal mixing predicted for the
first time in continuous symmetry.

™ An extra ey mixing induced by higher-
dim operators, making the model fully
compatible with oscillation data.
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