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e Frampton-Glashow-Yanagida ansatz
Bi-large neutrino mixing

Minimal CP violation

e Natural FGY in
SUSY x SU(?) X U(l)]r;},
SUSY SO(10) x [SU(2) x U(1)"]ps




Neutrinos : Masses and Mixing Angles
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Neutrinos masses ~ m! My' m,
Large Mixing Angles
e in m, (Dirac mass) 7

e in My (Majorana mass) 7

» or in m, (Charged lepton mass matrix) ?
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Frampton-Glashow-Yanagida ansatz
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FGY - Raidal and Strumia analysis \

Best fit to atmospheric and solar data =

e (13 = 0.078 +0.015 Observable
o mPP% = 2.6+ 0.4 meV Unobservable

Successful leptogenesis — Two solutions
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“Natural” FGY texture in

SUSY w/ [SU(2)xU(1)|rs

Lepton weak doublets: [, = A )

/
L = ( r,l ) - flavor doublet, ls - flavor singlet

Superpotential:

W= Hu(L,¢" Ny + L, d* Na + lzwNy)
+31(8 M?% + S N;2)
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NO fine tuning
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Charged lepton masses
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Charged lepton masses  continued
24

em., & a, my = b m; = E

m,fi“g”ﬂ'“i =Ul m U. U.= Diag(1,e"#/2, —e'i?/2)
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o (Mme/myu)? = (afb)? = (a/b)* ~ (My/Mz)(1, /1)

o = (M/M3) ~ 1074 [RS Ambiguity Resolved !]
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SU; family symmetry
Ameliorates SUSY Flavor Problem

— Dine, Kagan & Leigh: Pomarol & Tomassiniy Barbierl, Deall & Hall
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What Scale 7
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Leptogenesis =—> M, M, > 10" GeV




SUSY GUTs

e Mgur ~ 3 % 101 GeV

e M,y << Mgyt “Natural”

e Explains Charge Quantization

e Predicts Gauge Coupling Unification”
e Predicts Yukawa Coupling Unification

e + Family Symmetry =
Hierarchy of Fermion Masses

Protects against large flavor violation

e Neutrino Masses via See - Saw scale ~ 1072 — 107* Mg

e ﬂ”fg;fﬂfp;
e LSP — Dark Matter Candidate

¢ DBaryogenesis via Leptogenesis
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SO SUSY GUT x [SUa x U] ps

Barbieri, Hall, S.R. & Homanino; Blazek, S.R. & Tobe

The superpotential for the charged fermion sector, including
the heavy Froggatt-Nielsen states — { X%, ¥o }

W - 163 lﬂ;-} lﬁ_’j.‘i' lf‘j“ ]'QH Xﬂ
+%a (My X* + 45 £ 165 + 45 S8 16, + A% 16,)

where
16 @.b= 1,2 R
° - 3 families
163
® 10y == Higgs doublets

o M,=M(1 + aX + 3Y)

X, Y — S50(10) breaking vevs in the adjoint representation

X corresponding to the U(1) in SO(10) which preserves
SU(5),

¥ is standard weak hypercharge and

\- «, [3 are arbitrary parameters.




Effective Fermion Mass Operators
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Effective Yukawa Couplings
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Features of the Model

. Family Hierarchy

SU; xU;, — U; —— nothing

€, € €
Jrd family >> 2nd family >> 1st family

Patterns - approximate Georgi - Jarlskog “natural”

(45) = (B — L)Mg
M ~ *m
8 s o

Mg ~ M,
/\[_ = )\b — /‘\T == Ai-"q' — )'- @MG
BKa~1 = m, < imy even though m; >> my
Gange Coupling Unification
SU, suppresses flavor violation such as p — ey

10 Yukawa parameters fits 13 fermion masses and
mixing angles




following Blazek, S.R. & Tobe

Observable Data(o) Theory Pull
(masses in GeV)

My 91.188 (0.081) | 91.21 < 0,50
My 80.419 (0.080) | 80.40 < 0.50
Gy - 103 1.1664 (0.0012) | 1.166 < 0.50
G Exy 137.04 (0.14) | 137.0 < 0.50
as(My) 0.11720 (0.002) | 0.1139 2.63
My 174.30 (5.1) 171.3 < 0.50
(M) 4.220 (0.09) 4.377 3.04
My — M. 3.400 (0.2) 3.430 < 0.50
me(me) 1.3000 (0.15) 1.212 < 0.50
M 0.089 (0.011) 0.100 1.01
g s 0.050 (0.015) 0.0751 2.80
Q2 0.00203 (0.00020) | 0.00200 | <0.50
M, 1.777 (0.0018) | 1.777 < 0.50
M, 0.10566 (0.00011) | .1057 < 0.50
M, - 10% 0.5110 (0.00051) | 0.5110 < 0.50
Vs 0.2230 (0.0040) | 0.2213 < 0.50
Vi 0.04020 (0.0019) | 0.0391 < 0.50
Vo /Ven 0.0860 (0.008) | 0.0850 < 0.50
Vid 0.00820 (0.00082) | 0.00846 | < 0.50
€K 0.00228 (0.00023) | 0.00233 | < 0.50
sin 23 0.7270 (0.036) | 0.6898 1.07

B(b— s7)-10% 3.340 (0.38) 3.433 < 0.50

TOTAL x?2 12.16




Bi-large Neutrino Mixing in
SOy x [SUa x UT'| rs model
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= Dirac neutrino mass matrix —my, =Y, J’E sin (3
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e Effective neutrino mass
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Gives “natural” Glashow, Frampton & Yanagida ansatz

— Bi-large neutrino mixing matrix

.
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b ~ b : “Natural”

b= € wA(My/gh) Musinl
V= -3c€o A (Myfg!) jLr0l

a ~ a': minor fine-tuning O(1/10)
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| SUIINALY I

e Frampton-Glashow-Yanagida ansatz

e One CP violating angle = Sign of matter -
anti-matter asymmetry correlated with the CP
violating neutrino oscillations.

EXCEPT for Raidal-Strumia ambiguity ( M; < M; or
M, > My }'

e Natural framework for bi-large neutrino mixing !
e SUSY x [SU(2) x Ufl)]rs

e FGY ansatz “naturally” and resolves the RS ambiguity.
e SUSY SO(10) x [SU(2) x U(1)*|frs

e FGQY ansatz “naturally” and bi-large neutrino mixing is
“natural.”

e But, in general, there are more CP violating angles.
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