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Mass relations:
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Parameters Input SUSY Parameters
tan 3 1.3 10 38 50 38 38
Y 0 0 0 0 —0.22 +0.22
Yd 0 0 0 0 —0.21 +0.21
Ve 0 0 0 0 0 —0.44
Parameters Comparison with GUT Mass Ratios
(mp/m. ) (Mx) 1.00755* 0.73(3) | 0.73(3) | 0.73(4) 1.00(4) 1.00(4)
(3ms/m,)(Mx) 0.7019 55 0.69(8) | 0.69(8) | 0.69(8) 0.9(1) 0.6(1)
(ma/3me)(Mx) 0.82(7) 0.83(7) | 0.83(7) | 0.83(7) 1.05(8) | 0.68(6)
det V2 (A1) 0.571058 0.42(7) | 0.42(7) | 0.42(7) | 0.92(14) | 0.39(7)

GGR, Serna




Mass relations:
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c.f.

..but 9112 = 0. inconsistent with other plausible GUT relations
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..but 9f2 = 0. inconsistent with other plausible GUT relations
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To keep these relations need departure from tri-bi-maximal mixing in v sector...



Combination of charged lepton and neutrino contributions in symmetry basis

L Upys =UnU3U % In small s;3¥ and charged lepton angles approximation
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Charged lepton contribution:

0, =0, GUT + dimension 5 operator

Antusch, Maurer, Gross, Sluka
6,=06./3 GUT + dimension 4 operator
9112 =0

Neutrino contribution :

Perturb around TBM mixing



Neutrino contribution - perturb around TBM mixing:
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Neutrino contribution - perturb around TBM mixing:
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More general mixing:

Correlation? ... can be made natural (alignment field {(¢,)=(1,0,0) )
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A unconstrained..but spoils mass relations



Implications of 0,5 measurement

Illustrate using 1o range of 6,3, 6,5 to predict Dirac phase T

Allow for unknown lepton phases

Fogli, Lisi, Marrone, Montanino, Palazzo, Rotuno

Forero, Tortola, Valle

0]/7 (1o) | |4/ (30) [0]/7 (1o) | [0]/m (30)
st =0 0.46-0.8 0.19-1 so= 0-0.39 0-1
l I me ) - ,l — me . o
sly = (/2= | 047-0.73 | 0.07-1 slo=/m= | 0-0.38 0- 1
3 =0 | 048 0.57 | 0.41 - 0.70 s{3 =0 | 0.48 - 0.57 | 0.41 -~ 0.70
V,Vp MiXing VgV, mixing
Parameter Best fit 1o range 30 range | Best Fit 1o range 3o range
sin?f15/1071 (NH or TH) | 3.07  2.91 - 3.25 2.59 — 3.59 3.2 3.03-3.36  2.7-3.7
sin? §13/10~2 (NH) 2.41 216 -2.66 1.69-3.13| 246 218275 1.7-3.3
sin® 013/1072 (IH) 244 219267 1.71-3.15| 223 223276 1.7-3.3
sin a3/10~1 (NH) 3.86  3.65-4.10 3.31 -6.37| 6.13  4.61-6.35 3.6-6.8
sin? fa3/10~1 (TH) 3.92 3.70 - 431 3.35-6.63 6.0 5.69-6.26  3.7-6.7
5/ (NH) 1.08  0.77 - 1.36 — 0.80 — —
§/m (IH) 1.09  0.83 - 1.47 — -0.03 — —




Implications of 0,5 measurement

Tllustrate using 1o range of 8,3, 8,5 to predict Dirac phase T

Allow for unknown lepton phases

Fogli, Lisi, Marrone, Montanino, Palazzo, Rotuno

Forero, Tortola, Valle
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s{a =0 0.48 — 0.57 | 0.41 — 0.70 s13 =0 0.48 — 0.57 | 0.41 — 0.70
VoVp Mixing VoV Mixing
Parameter Best fit 1o range 30 range | Best Fit 1o range 3o range
sin?f15/1071 (NH or TH) | 3.07  2.91 - 3.25 2.59 — 3.59 3.2 3.03-3.36  2.7-3.7 579
sin? f13/1072 (NH) 2.41 216 -2.66 1.69-3.13| 246 218275 1.7-3.3 T 0 0.33
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sin® f3/10~1 (NH) 386 3.65-4.10 331-637| 613  461-6.35 3.6-6.8 shy = e 110.29-0.38
sin? fa3/10~1 (TH) 3.92 3.70 - 431 3.35-6.63 6.0 5.69-6.26  3.7-6.7 » . .
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Origin of approximateTBM : an example

L =mg [ﬁ(v# —vT)]2 + m@[%(ve +V, +vf)}2

2 . 2
Mg (%023‘4) +mg (%6123‘/1') 0, =(0,1,-1), 6,,=(,L1)

Relate O, to dynamical variables, familons ¢, Qi o< (), >

¢,~ triplets of non Abelian discrete family symmetry, G c SU(3),

Vacuum alignment <, >=¢£(0,1,-1), <¢,,>=¢e>(1,11)




Vacuum al ignment

o, 29, Z9,
¢ =0, — 0
o, —¢, — 0g,

o, >0 —aP,

e.g. Z3 D(Zn a3:1

Choice of discrete symmetry

Z,, <¢> =(1,1,1) A>0
Vacuum structure : Z3 X Zn — {
Z , <¢> =(0,0,1) A<0

V(gy=-m" ¢"'¢ + ..+ L m’9'p 0"



Vacuum al ignment

o, 29, Z9,
¢ =0, — 0
o, —¢, — 0g,

o, >0 —aP,

eg. Z.,XZ, o’ =1

Choice of discrete symmetry

Z,, <¢> =(1,1,1) A>0
Vacuum structure : / ;X e ; ™ {
Z,, <¢> =(0,0,1) 1<0

V(g)=—m>@"¢ +..+ L m* ¢ 00"

10,055 = Gy < (0,1,-1)



eg. G=A6n")~ (Zn X Z ) X S, non Abelian discrete group (n>3)

Escobar, Luhn

Field|SU(4) SU(2), SU(2)r|A(6n%) Zs Z4' q); ¢)l3

v 4 2 1 3, 0 1

e 4 1 2 31, 0 1 —i

0 8 1 2 1 1 0 H Structure through
¢1 1 1 1 31l 9 0 H | Higgs mediators
by | 1 1 113, 2 0 ’ Hi = X,
das | 1 1 1 31, 3 0 vV, v,
b1o3 | 1 1 1 3., 1 0

GGR, Varzielas

Dirac mass structure

m, comes from D=4 term

~

v —’[c_i i e 7/ —i —i 7
Li)’i;ac / H = ‘//,-‘Pallfi ¢3 + ﬁ (l//i(p123l//j¢23 + l//i¢23l//]¢123)+ ’)/ l/ji¢23l//j¢23245 o,B,y =0(1)
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eg. G=A6n")~ (Zn X Z ) X S, non Abelian discrete group

Field|SU(4) SU(2)r, SU(2)r|A(6n°) Zs Zi*
v 4 2 1 3;, 0 1
ve | 4 1 2 3;, 0 1
4 8 1 2 1 1 0
b1 1 1 1 3;, 2 0
b3 1 1 1 31, 2 0
boz | 1 1 1 31, 3 0

P23 | 1 1 1 32., 1 0

Majorana mass structure

q,l,v ! c_i ! c_j ! c_j ! c_j
LDirac /H=a l//i¢3l/ji ¢3 + ,B l//i¢123l//j¢23 + l//,-(p23l//]¢123 Ty l//id)23l//j¢23245

UL 30 i U 3 Ti i )
L, = 61//1?1//; (a¢3¢3 +DE PP, + CE Q305+ dE ¢23¢1238) a.b,¢,d=0(1)




eg. G=A6n")~ (Zn X Z ) X S, non Abelian discrete group

Field|SU(4) SU(2)r, SU(2)r|A(6n°) Zs Zi*
v 4 2 1 3;, 0 1
ve | 4 1 2 3;, 0 1
4 8 1 2 1 1 0
b1 1 1 1 3;, 2 0
b3 1 1 1 31, 2 0
boz | 1 1 1 31, 3 0

b1o3 | 1 1 1 3., 1 0

Majorana mass structure
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eg. G=A6n")~ (Zn X Z ) X S, non Abelian discrete group

Field|SU(4) SU(2)r, SU(2)r|A(6n°) Zs Zi*
v 4 2 1 3;, 0 1
ve | 4 1 2 3;, 0 1
4 8 1 2 1 1 0
b1 1 1 1 3;, 2 0
b3 1 1 1 31, 2 0
boz | 1 1 1 31, 3 0

P23 | 1 1 1 32., 1 0

Majorana mass structure
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A(6n”) model

® Higgs mediators - m, unsuppressed

e Z,,— I term and nucleon decay under control
e Neutrino mass hierarchy limited %=0(e)

Me

e 0,=0(¢)

® Light familinos weakly coupled - LSP?- visible sector NLSP charged?



Summary

e 0. =9’ unexpected and requires modification of Yukawa quilt

e Can be accommodated by perturbation of TBM mixing and/or leptonic contribution

Correlated changes in 0,,,0,,

+Large CP violation typical

® Discrete non Abelian family symmetry can generate approximate TBM mixing +

m - m
0. = w/;d_elg mu m. (M ;) =my, (Mg, )
v - mu(MGUT) =3m, (M ;)
Yub| [ 1
V., m, m,(M g7 ) = gms(MGUT)
Vi _|my
v ..6+ parameter free postdictions
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1 9 r3 n'x1
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Escobar, Luhn



A6n*)~(Z,%Z,) XS,

[ 31(1) X 31(1;) = 31(1+lr) + 6 —— . Vector z will transform as a 31(() and y as a 31(1:).
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I2Y3
I3y
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T2l

\z135/
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® 311) @ 3201y = 32(141r) + 67~ . Vector z will transform as a 31(;) and y as a 32(;).

(L,-1")

I1
o141y 1 | T2y
I3Ys3

61,—1 = 31,—1 + 32,—1

—l=(n-1)] = n>3

b}

6_11-1

[ z1y2 |

I2Y3
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—I3Y2
—I2Y1
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Escobar, Luhn



Vacuum alignment

> )
P O <P>0,0,;— my, 0,0,
Viee = m3/2 |¢123 +m3/2 |¢123¢23

2 4 2 4 2 4 2 2
Vi =0my, 1, | +:Bm3/2 1o, 1" +ym5, 19,0, | +5m3/2 10,0, " +

¢123 o< (19191)9 ¢2 o< (19090)3 ¢3 oc (09091)9 ¢23 o< (0919_1)
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Field | SU(4) SU(?2), SU?2)r| A(6n%) Zs ZR

7 4 2 1 3, 0 1

we i 1 2 3., 0 1

0 8 1 2 1 1 0 —i —i
H 1 2 2 1 L 0 ¢3 d) ;
X 1 2 2 3, ., 0 0

X 1 2 2 31, 0 2

Y 1 2 2 31,43, 2 0 —i

Y 1 2 2 3., +31, 3 2 H

Z 1 2 2 35, 0 0

Z 1 P 2 3, 0 2 H .

b 15 1 3 1 3 0 !

6 1 1 1 G 0 0 _

1 1 1 1 3, 1 0 4 Vi
b2 1 1 1 3, 2 0

boa 1 1 1 3, 3 0

P123 1 1 1 32, 1 0

Table 1. Field and symmetry content of the model.

m, comes from D=4 term

P
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( (¢3)2 ) M§ (43)2



Majorana mass terms allowed by Z. X Z, . :

M2 M7,
—123&{23 [(53&3(53&23&23] 1 55%3(5{23 [&3(;)3(}_53(2—523(5123]
MF, M7,

Pyt = 0USwS ( sdh | Fialhy [«2»3@&23&23&23])

+ WSS (



