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Hint for CP pha.

Fit v, sample and v,
sample simultaneously
by sin?0,,,s5in%0.5,6 and
Am?

Now uncertainty of sin26,, is
included.

T2K Runi-4 data

= (data till 2013)

L L

Normal MH -

——= 68% C.L. -
90% C.L. -

reactor measurement
(PDG2013)

68% allowed region from -

Hint for 6cp ~ —90°




“Seesaw motivates Standard Model
with right-handed neutrinos
SU(g)C X SU(Q)L X U(l)y

Left-handed quarks and Right-handed quarks and
Leptons (active neutrinos) Leptons (sterile neutrinos)




The RH neutrino Spectrum
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What is the origin of Quark
and Lepton Masses?
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What s the orlgm of Quark

and Lepton Mixing?
CKM PMNS
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Flavour Symmetry (FLASY)
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_ The Klein Smmetry

Phase symmetry of diagonal charged
Lepton. mass matrix

Gy Felix Klein
TT(M;LM@)T —— M;rMe =10 wz 0 W= 62i7r/n
W

Uoe=0)
Symmetry of Majorana matrix depends on PMNS

mn,, — STm,/S m, — UTmI/U

. : Kletn Symmeety
S = Upyns diag(+1, —1, —1) Upyins J J

U = Usans diag(=1,+1,-1) Ul s $ £ =115 U, SU;
SU = Uppns diag(—1, —1, +1) Uguns Za X Z2




Klein symmetry S,U and
D | re Ct M Od e I S T are each identified as
subgroups of some family
symmetry

Family ) Generators .
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Lepton Sector Sector
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CP violation .
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l ¢l ¢V Bquivalently use CP invariants of the Lagrangian

T L =Tr[H, H]®=0
Qi) ) - f

H, = m,/mi and H; = mym,

Branco, de Medeiros Varzielas and S.F. K, 1502. 03105 1505. 06165

®S, and A, models with CP symmetry are constructed,all the  A(96), A(6n°), A(3n?)
possible cases following from the model-independent analysis allows many possible

can be realized. Dirac CP phase is predicted to be trivial or PUELICTITIS 10 I
CP phase in semi-

maximal. direct models
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A4 Vacuum alignments

Sywmmetry preserving Sywmmetry breaking
etgenvectors of group elements orthogonal alignments
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Minimal Predictive 7,5 i hihandoc
neutrinos (“minimal”)

SeesaW mOdeIS M; = M., @and My = Mg
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Only one phase
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(a) CSD(3)

a|bue Buixi




(b) CSD(4)
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(c) CSD(5)
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Bj or kerot h, de Anda, de Medieoros Varzielas and S. F. K. 1503. 03306

Towards a complete
AsxSU(5) SUSY GUT

Renormalisable at GUT scale, SU(5) breaking potential, spontaneously broken CP.

The MSSM is reproduced with R-parity emerging from a discrete ZsR .

Doublet-triplet splitting is achieved through the Missing Partner mechanism.

mu term Is generated at the correct scale.

Proton decay is sufficiently suppressed.

It solves the strong CP problem through the Nelson-Barr mechanism .

Explains quark mass hierarchies, mixing angles and the CP phase.

Reproduces minimal predictive seesaw model with CSD(3) alignment.

Two right-handed neutrinos, lighter one dominantly giving atmospheric neutrino mass.

Zg flavour symmetry fixes the phase n to be one of ninth roots of unity, choose 2pi/3
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A4xSU(5) susv GUT
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A4xSU(5) SUSY GUT
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Leptogenesis in minimal predictive seesaw |

ovbel

My mp n 01 013 0Ox oOcp My ms | Excellent -ﬁ,t
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XThe phase eta is the only source of CP violation in neutrino oscillations and leptogenesis

BAU
TR
Yg ~ 2.5 x 10~ sing)

X Positive eta is associated with positive baryon asymmetry and negative oscillation phase




Testing SUSY flavour models

n the diagonal dowwn quark basis (Super CKM basis) the down squark mass matrix ts
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Matrix Ls diagownal corresponds to “minimal flavour violation”
we say that SUsY ts “flavowr blind”

Constrain off-diagonal elements from rare/FC processes
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Testing SUSY flavour models
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Testing SUSY flavour models
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""The origin of discrete -
F-theory SU(S5) SV R |
with flavour e |

Zmatter
symmetry
Eg = SU(5)GUT X SU(5)J_

Conventlona Ly Heckman

and Vafa
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Antoniadis and

New 'POSSLb LLLtLCS Leontaris

VBl

Karozas, S.F.K ,Leontaris

SU(5)J_ % 84 X U(l)J_ }5'47 1447 D4 and Meadowcr of t,
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SUB) L — AaxU(1) L ldentified as discrete
SUB)L — Dy xU1), family symmetries




Conclusions

GUT x Discrete Family Symmetry very predictive framework

Direct models: Klein anad T from Delta (6n?), zero Birac phase

Semi-direct models: partial symmetry S or SU, allows
smaller groups, Lepton mixing sum rules, CP predictions

(Indirect models: allows A, broken by orthogonal s> (n)
alignments, gives minimal predictive seesaw

AAXSU(E) SUSY GUT based on CSD(3), predictive, complete

SUSY flavour moodels mimle MFV with testable deviations

SU(5) with discrete flavour symmetry from F-theory




