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SM (massless neutrinos) 17+2 parameters
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SM + massive neutrinos 24(26)+2 parameters
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Fundamental questions of neutrinos

~ Origin of tiny neutrino masses

= Origin of lepton flavour mixing
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A4, Sa, As, T', A(48), A(96), A(27), A(54), Tk, T3, &



Constant mixing patterns

- Before 2012, Tri-bimaximal (TBM) Harrison, Perkins, Scott, 02

Xing, 02
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Relations between symmetries and mixing
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Common features of A4, models

representation: 1,1',1",3
1
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~ Field contents (a sample)
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- Vacuum alignment and flavour mixing
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The vacuum alignment problem

- How to achieve VEVs with special directions?
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o Imply the idea of spontaneous symmetry breaking?
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~ The full lavon potential (assume renormalizable)
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Traditional solutions: cross couplings are forbidden

Altarelli, Feruglio, 05/ \ Altarelli, Feruglio, 06

Extra dimension

Supersymmetry

Introducing driving fields
(no soft breaking)

. 2 2
localize flavons on | Vipy) = |(9w(so,soo) N ‘6W(X7X0)
different branes d¢o dXo
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Too many degrees of freedom
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A new approach based on cross couplings

Basic idea S. Pascoli, YLZ, arXiv:1604.00925

Cross couplings exist, but are small enough compared

with the self couplings of each flavons.
VRavon = V (SO)"' V(X)+ V(p, x)+ -
@ and y gain VEVs separately from their own potentials.

Small cross couplings tune the VEVs, but cannot disrupt
them completely. These corrections result in deviations

from TBM and are responsible for 6,3 and CP violation.
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Flavon vacuum modified by cross couplings
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Phenomenological application of this approach

- New particles, flavons , are introduced in flavour models.

Y2 : (/I Simplicity NNonly 7 real degrees of freedom

- Interactions between flavons and leptons give explanation to

flavour mixing, they may also contribute to other processes.

' ¢, W

o The flavon potential is essential to determine vacuum alignments

and flavour mixing.

L 2:-preserving effects [RMPRN 7 -preserving effects [IRUEE)
Ve, x) V (e, ),V (x,m),
Vi ), VO H). VG, B

Higgs precision properties, Rare decays

Associated production of 3avons in Higgs factory.
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CLFV for a pseudo—real flavon s. Pascoli, YLZ, in progress
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CLFV for a Complex flavon S. Pascoli, YLZ, in progress
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Summary and outlook

We develop a new approach to realize flavour mixing based on

flavon cross couplings.

We apply this approach to analyze how CLFV decays are atfected
by flavons.  CLFV without & with flavon cross couplings
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It is possible to test flavour symmetries in other processes?

Non-standard interactions in neutrino oscillations, hadron semi-leptonic
decay, Higgs rare decay, direct detection of flavons at colliders,
flavoured dark matter, ......

Our discussion is not limited in A4 models, but can be generalised to

other symmetries, e.g., S4, As.
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