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global fit before 2012

Lisi [Neutel2011] Schwetz et al.
[0806.22517update] [1103.0734]
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experimental error on 3, [10] is 0.02 rad <-> 1 degree
TB prediction for 3;, agrees within 1.5 o
same for the other angles

suggests that there is a limit of the underlying theory where lepton
mixing angles become simple [e.g.V =1 when A is sent to zero]



Tr‘ i b i mGX i mal M ix i ng [Harrison, Perkins and Scott 2002]

\ tri-bimaximal [TB] mixing pattern,
1 O completely different from the quark
— mixing pattern: two angles are large

Upvs =L 1 42 |+(small corrections)
\/8 '\/g 1 v3=_vi/tvf maximal
Ry 2
\ \/8 '\/§ ﬁ / e \/% v trimaximal

by unitarity

- can be a useful 15t order approximation to data, U%,\s, related to some limit
of the underlying theory



B Mixing patterns U%;, s from discrete symmetries

[Ma and Rajasekaran 0106291]

+ Qé’v Gf
Uppvs =U.U, ,‘1&‘0 / \

misalignment in flavour space ;S 2 .’(;\c@
from symmetry breaking AGe _- f\(\\lo“\
- Ge
o ”
(m., m,)
3x3 matrix space
S diagonal matrices
S /
P 7 4 e 0 0 0 0
- 7 4 predictions U, U, ¥, 0 (mod )
the most general group , :
. leaving v'm, Vv invariant, Gv = Zz X Zz Majorana neu’rr'mlos
and m; unconstrained imply 6, discretel
Z,xZ
G, can be continuous but the (G = 2 2
. simplest choice is G, discrete ¢ Zn n=73



Some mixing patterns G, =2,xZ7Z,
[Lam 1104.0055]
G, G, Uyns | sin 0y, | sind, | sin® 9,
A, | Z [M] 112 |13 | 172
[s,] z 8] [ 12 [ o [ 13 TBM
Z4
Zx2) [BM] 1/2 0 1/2
A, | Z [GR] | 172 0 | 0.127
Z. [GR,] | 1/2 0 | 0276 | |Ratar Simimia 2007
(Z, % Z,) [6R,] | 0276 | 0309 | 0.276
[EXP 30] | 034:067 | 013017 | 027+034

-- a long way to promote a candidate pattern to a complete model

-- general feature U, =Ups + O() u=

-- neutrino masses fitted, not predicted.
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B expectation for U%y\s=U+g

9, =0 ‘ 9,, = O(few degrees)
% ,, =close to x

Bl 2011/2012 breakthrough

-- LBL experiments searching for v, -> v, conversion
-- SBL reactor experiments searching for anti-v, disappearance

hot to spoil the
agreement with 3,

\ wrong

[see Przewtocki and Lavader talks]

ircia, Maltoni, Salvado, Schwetz]

Lisi [NeuTel 2013] [1209.3023] [6-6¢
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100 away
from O

hint for non
maximal 3,3




simplest models based on discrete symmetries
reproducing TBM at LO are ruled out

other possibilities ?



. Mixing angles from abelian symmetries: G;=U(1)g\,  [Froggatt Nielsen 1979]

lessons from the quark sector: mass ratios and mixing angles are small,
hierarchical parameters
m m m

d ms
il s e RS IR e et R S | ‘ ‘ ‘ ‘ ‘ ‘:
e n Vil<<Vl<<WV, =A<l

easily reproduced by G:=U(1)r\ and H¢={1}

mass ratios and mixing angles are powers of a small SB parameter A

flavon | Q <@> 4
i U(1)\ broken by A= o 0.2 o
¢ | -1 / i
assign decreasing, non-negative, charges to fermions of increaging generations
4 3
Jield O 000 entries up to )L3 AZ 4
g1 | (3,2,0) yv,=| 0 0 1 unknown O(1) Y, =| A~ A" 1
i . 0 0 1 coefficients A A1
d° | (1,0,0)

unbroken U(1)gy broken U(1)gy
order of magnitude of most mass ratios and mixing angles correctly reproduced



can be extended to the lepton sector where evidence for hierarchy mainly comes
from charged leptons

field | Q.
e | (3,2,0)
[ ] (1,0,0)

T

J/e = J/d
‘ A2 A
mvoc}Ll
A1

A
1
1

Anarchy (neutrino sector is structure-less)
[Hall, Murayama, Weiner 1999]

field

Opy

[

(0,0,0)

predicts 3,5 not tiny and 3,3 not maximal

G=U(1)ey

111
‘ moc| 111
111

el =) Amf2 / Am223

23 13 12
1 | 2 1
[Fd e e | A

if det(23)~\

mixing angles 0.8 05 02

and mass ratios _
are random O(1) ‘UPMNS‘~ 04 06 0.6

quantities 04 06 0.8

consistent with data

- compatible with SU(B) grand unification (comprises quarks and leptons)

- compatible with known solutions to the gauge hierarchy problem (SUSY, RS,...)
- large number of independent O(1) parameters

- no testable predictions beyond order-of-magnitude accuracy



. add large corrections O(33) # 0.2

- predictability is lost since in general correction terms are many
- new dangerous sources of FC/CPV if NP is at the TeV scale

. change discrete group G; cosa 0 e°sina
= [ l 0
SOIU'l:thS exist : : id U’ =U,, x 0 1 0
special forms of Trimaximal mixing s
—e “sina 0 cosa

Gf A(96) A(384) A(600) F.F., C. Hagedorn, R. de A.Toroop

hep-ph/1107.3486 and hep-ph/1112.1340
a +x /12 | = /24 | £73/15 | |41 1208.5527 and 13011736

-2 Q0 Holthausenl, Lim and Lindner 1212.2411
sin” ¢, | 0.045 | 0.0I1 | 0.029 Neder, King, Stuart 1305.3200
50 =017 (no CP violation) and Hagedo.r‘n, Meroni, Vitale 1307.5308]
o “quantized” by group theory too big groups?

. relax symmetry requirements  [Hernandez,Smirnov 1204.0445]
G, as before

2 predictions: 9° 0 0
- I I 12 23 13
6,=Z, 2 combinations of
leads to testable sum rules [He, Zee 2007 and 2011, Grimus, Lavoura 2008, Grimus,

Lavoura, Singraber 2009, Albright, Rodejohann 2009,
) 1 1 . . 9 Antusch, King, Luhn, Spinrath 2011, King, Luhn 2011, 6.
sin“¥,; = —+ —=sin¥,cosO., + O(sin” ¥,;) Altarelli, F.F., L. Merlo
2 2 and E. Stamou hep-ph/1205.4670 ]



8 include CP in the SB pattern

hot a new idea:
residual symmetry of neutrino mass matrix can include a non-trivial action
of CP in flavor space [see Grimus talk]

-- uT reflection symmetry [Harrison, Scott 2002/2004, Grimus, Lavoura 2003,
in flavor basis: Babu, Ma, Valle 2002; Ferreira, Grimus, Lavoura, Ludl 1206.7072]

vV, <> V. » sint},; =cos,; sint;cos0=0 sina=sinf=0

d maximal
-- combination of 54 and CP [Mohapatra, Nishi 1208.2875; Krishnan, Harrison, Scott 1211.2000]

generalized CP transformations [Bernobel Branctioranauiions:
Ecker, Grimus, Neufeld 1987/1988]

on left-handed lepton doublets |
. _ * Xis a 3 x 3 unitary matrix %

l ()C) =X/ (xcp) in flavor space such that XX =1 (I)
G, flavor symmetry group

' _ p realizes a 3-dimensional
/ ()C) - ,O(g) Z(X) unitary representation of 6, £€G, — p(g)




for'mal ism [F. Feruglio, C. Hagedorn and R. Ziegler arXiv:1211.5560]

consis‘rency condition [see Grimus, Rebelo 1995 for gauge symmetries
and Holthausen, Lindner, Schmidt 1211.6953]

. p(g)
Xp(g) X | < - [ particles
cr | / | cp
X p(e) " . G, x //  antiparticles

) (X p(2) X) =p(g)| (IT) g'=g ingenera

we assume

Gep =G (Pl [(x-17 X)" = Z| (TIT)

/ \ to consistently define G,

G, G, =7,xCP

generated by (). generated by ( Z,X)




given G; ;
- represent a set of constraints on the

(I) + (II) + (III) _qdmissible X (i.e. CP transformations)

in general several physically
non-equivalent solutions for X exist

consequences of residual invariance
mixing angles and CP phases

Q; (m;m;) Q, =(m;m,) U, (0.,Z,X;9)
Z'm Z=m 0 g0 q0 SO 0 PO
v v (0,053, 05,07, a7, B)
Xm, X=m, predicted in terms of
a single real parameter
O<de2m

- the formalism is completely invariant under any change of basis
in field space

- the results only depend on G, and the residual symmetries specified
by Q;, Z and X.



B how it works in practice?

generators of of S, in 3’ representation

i)
= L)
et ]

T

el 060 i 1 0 0
0 w* 0 w=e ? e ) I |
0 0 w O 1 O

- 6¢=5,

most general solution to constraints I, IT and ITII found in
[F, Hagedorn, Ziegler 1211.5560]

. two examples

case |Q0.(G) | z | x
I (7)) s |x
IV | T(z) | sU| X,
00
b |,
e 0

=)

2 specific realizations of
UT reflection symmetry

sin” %y, = ‘sinéo‘ =1

1
2
sina’ =0

sinf8’ =0



predictions

and Stuart 1303.6180;

F. Feruglio, C. Hagedorn

and R. Ziegler 1303.7178;

Ding, King, and Stuart 1307.4212]

O=n/4

1.0——
SiIl2 912
G gL g
08 | explicit model realizations
~l | of case I recently built
i in SUSY context
06 i [Ding, King, Luhn

04"

02"

Case IV\ 9=r/2 sin 613

0.0

00 02 04 06 0.8 1.0
Xy =18.4(26.7) Yo =10.218.5) I and IV could provide examples of
for case I for case IV “geometrical” CP violation since

A
Oyy < /4(> 7/4) Uys < /4(>m/4) |sind°|=1 only depends on the SB pattern



conclusion

. big progress on the experimental side:
-- precisely measured 3;3: many o away from zero!
-- potentially interesting implications on 3,5
-- sterile neutrinos waiting for exp. checks

. on the theory side:
flavour symmeftries are a useful tool but
ho compelling and unique picture have emerged so far
present data can be described within widely different frameworks

. models based on “anarchy” and/or its variants - U(1), models - in good shape:
neutrino mass ratios and mixing angles just random O(1) quantities

. models based on discrete symmetries are less supported by data now
and modifications of simplest realizations are required
-- add large corrections O(3%,5)~0.2
-- move to large discrete symmetry groups G, such as A(96) A(384) ...
-- relax symmetry requirements
-- include CP in the SB pattern:

residual invariance 6,and G,,=Z, x CP

determines all mixing angles and phases in terms of a single parameter
if G¢=S, several realistic mixing patterns are found



back up slides



B 2011/2012 breakthrough

-- LBL experiments searching for v, -> v, conversion
-- SBL reactor experiments searching for anti-v, disappearance

Lisi [NeuTel 2013]

[see Fogli's talk]

[1209.3023] [6-Garcia, Maltoni, Salvado, Schwetz]

0.0241*°%% (NO)

0.392*% (10)

-0.022

sin2 9 -0.0025 0.0227+0.0023
P 0.0244700 (10) R
0.386*%4 (NO
sin’ 9, o (NO) 0.413'0°7 ®0.5947 )

B sterile neutrinos coming back

1 reactor anomaly (anti-v, disappearance)
re-evaluation of reactor anti-v, flux: new estimate 3.5% higher than old one
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maximal 3,5

((I)exp - (I)th) / (I)th == 6%

impact

on flavor
symmetry
(part 3)

[th. uncertainty?]

U =0.2
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supported by the Gallium anomaly T

v, flux measured from high intensity
radioactive sources in Gallex, Sage exp

v + 'Ga— ""Ge+ e~ [error on o oronGe
e extraction efficiency]

. most recent cosmological limits

[depending on assumed cosmological
model, data set included,...]

relativistic degrees of freedom
at recombination epoch

Neﬁ, =3.30+0.27
[Planck, WMAP, BAO, high multiple CMB data]

fully thermalized non relativistic v
N, < 380 (95%CL)

m < 042elV (95% CL)

2 long-standing claim
evidence for v, -> v, appearance in accelerator experiments

exp E(MeV) | L(m)
LSND v, >V, 10+50 | 30 | 3.80
v, =V . .
MiniBoone | " ° |300+3000| 541 | 3.80 [signal from low-energy region]
Vv —v



102 prrm

parameter space limited by
negative results from Karmen

and ICARUS &-\‘O 7

> |

9 ~0.035 O

eu oL

2 2 1
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predicted suppression in v, disappearance
experiments: undetected
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[not suitable for WDM, more on this later]
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how it works?

generators in 3’ representation

example G¢=S,

S0 Il 2hatb) s 40550
S=|0 1 0 =% 0D U=[0 1 0
OFE0 =] e Ry |
all possibilities are exhausted by choosing
G, O, G, /
Z, T Z,xCP X. (=1..,6)
Z, STU Z,xCP | SU | X, (i=1..4)
Z,xZ, | TST*S, UT? Z, x CP X, (i=1,..4)
solutions to the constraints (I, II,III):
1 0 0 10 0 10 0 -1 0
X, =[0 1 0 X,={0 1 0 X,=[0 1 0 X, =0 1
0O 0 1 0O 0 -1 0O 0 -1 0O O
O 0 -1 O 0 1

X.=|0 -1 0| X,=[0 -1 0
-1 0 0 1 0 0



B sample of results

case | 0.(G) | Z X T and IV could provide
S examples of

I T(Z,) | S | X, | “geometrical” CP

violation since

IV T, | SU | X, |sind°|=1 only depends
on the SB pattern

2 specific realizations of

UT reflection symmetry S ETEC. 3o
1 sinot” = ;
-2 q0 . 0 ‘
sin“ 5, = — ‘smé ‘=1 . |
By sin’ =0 : |
| 3 Cé}seIV 9=n/2 sin 63
0.0 02 04 0.6 0.8 1.0
0.10 ‘ ‘ ‘ ‘ 0.10 p— ‘ ; ;
)(j/IIN = 18-4(26 -7) Jep Jep Case
for case I (o Case IV

0055 005/

Oy < /4(>m/4)

Xz%mv =10.2(18.5) 0.00'9:7”2 0.00
for case IV :
. <m/4(>m/4 y
23 ( ) —005F . —-0.05+
Q'Q
Case IV
0=n/3 SiIl2 912
~0.10 ‘ ‘ ~0.10
0.0 0.6 08 10 0.0



case | Q. (G) | Z | X sind’ =0
II | TZ) | S | X, sina’ =0
Vv rZ, |SU | X, sinf8’ =0

o =10.3(10.5)
for case IT

Oy < /4(>m/4)

Ky =16.1(27.2)
for case V

Oy <m/4(>m/4)

sin 013

0.0 02 04 06 08

10 9Q

10—
108+
1 0.6.
|04y

1 02

CP is conserved because

X3 is an accidental symmetry
of the whole lepton sector

in both cases IT and V

0.0 0.2 04

(sin?3%,,, sin3°,3) correlation is the same as for cases I and IV



B a non-realistic case with full dependence on 9

case | Q. (G,) | Z

IIT | 7(Z) | S

111
sin® 6,5 L (1 - ¥ sin29)
. 9 2
S?H2 912 5 4++/3 sin 26 5
Sin” Oz Triema0 L= e
| cos 20
| Jepl Vi
’ sin 5‘ (4—|—\/§sin 29%;:_(;5(:20982/94—2\/55111 260
sina e
[sin ez
be 0.785 823 < 7T/4 0.785 (923 > 7'('/4
X2 106.7 110.5
sin” 013(0},¢) 0.045
sin” 012(0},¢) 0.349
sin® fa3 (Op¢) 0.349 | 0.651
[Jep|(Opf) 0
’ sin 5‘ (Qbf) 0
| sin o[ (O1,¢) 1
| sin 5|(Op) 0

best fit value of &

X2.in> 100 since
sin?39%,; >0.045




case

N

0, (G,) X

VI

STU (Z,) Ul X,

VII | TST’S,UT* (Z,xZ,) | U | X,

sind’ =0
sina’ =0

sinf8’ =0

e =11.6(11.7)
for case a(b)

CP is conserved because

X is an accidental symmetry
of the whole lepton sector
in both cases VI and VII

0.0 02 04 06 08




3,5> 0 from any discrete symmetry, at the LO ?

[de Adelhart Toorop, F, Hagedorn 1107.3486]
how to “deform” A, and/or S,? no continuous parameter

abstract definition e
in terms of generators Sz = (ST)3 =T" =1 ;
and relations n=4 S4

both subgroups of the (infinite) modular group I S* = (ST)’ =1

we looked for other subgroups of I', the so-called finite modular groups
[there are only six of them admitting three dimensional irreducible
representations]

AO96):  S2=(ST)’ =T" =1 (ST‘IST)3 _1

AG84):  SP=(ST)' =T"=1  (ST'ST) =1



W A384)

(0 2 V2! (W 0 0 )
S=5\/§ -1 1 T=|0 w, O w,=e?®
— 13
Gv = Zz XZZ D ) GRS )
generated by (5,5T°ST?) \UPMNS\=\IE VA+42-6/2 1 V4-+2+6/2
G,=27, EED Nl
generated by ST [by exchanging 2" and 39 rows in Upyps]

L sin?9, = (4 -2 -+6)/12~0011

_(4—\/§+\/€) I

sin® 4, = ~0.424
I = (8+\/§+\/g)

~(0.337

o
sin“ v, =

4
(8+\/§+\/5)
8.p =0

sin’ 9, = (4 -2 =/6)/12 =0.011

. 4 +24/2)
sin° ., = ( ~(0.576
2 (8 +4/2 +4/6)
4
sin° %, = ~(0.337
2 (8+4/2 +4/6)

6CP =T




A(96)

1/ 0 2 2 (@S 0 0 )
S=5\/§ -1 1 T={0 w 0 a)8=el4
\\/5 1 —1) 0 0 ()();g5
Gv - Z2 ><Z2 (\/§+1)/2 1 (3-1/2
generated by (S5,5ST*ST*) sl = \/» (/3 - 1)/2 1 (W3+1)/2
G, =27, 1 I

generated by ST

[by exchanging 2" and 39 rows in Upyns]

sin® 9, = (2-+/3)/6 =0.045  sin’*I,, = (2 -/3)/6 =~0.045
sm 29, =(5+243)/13=0.651 & sin> P, = (8 —2/3)/13 ~0.349

=
. sin” ', = (8 —2+/3)/13 =0.349 = sin* ¥, = (8 - 2~/3)/13 =0.349

Op =T O, =0



[de Adelhart Toorop, F, Hagedorn 1107.3486]
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[contours from Fogli, Lisi, Marrone, Palazzo, Rotunno 1106.6028]



relation to TB mixing

(cosa 0 sina)
Uppns = UrpUy3 (@) UG 0. 1 0

¥ sinae 0 cosa)

choosing |a|=11/24,11 /12 we reproduce the mixing pattern M3, M4, M1, M2
the angle o is not a free parameter: it is fixed by group theory

for a generic [Trimaximal mixing]

[He, Zee 2007 and 2011, 6rimus, Lavoura 2008, Grimus, Lavoura, Singraber 2009,
Albright, Rodejohann 2009, Antusch, King, Luhn, Spinrath 2011, King, Luhn 2011]

1 1 242 deviation from TB is linear in «
sin’ 9, = Tk NI for sin®0,3, whereas is quadratic
2+cos2a 3 9 for sin?0,,, the best measured
angle

R 1 +/3sin2a FEsor
sin“¥,, =— - ~———+
2 4+2cos2a 2 3

: 2N 2
sin 9, = =sin“a==a’ + ...
S 3



B LFV - signatures of discrete symmetries

discrete symmetries are weaker than continuous ones such as MFV, SO(3)...
and allow for G¢-invariant and LFV operators

in all models: |~3 of G
A, | S, | A, |selectionrule AL AL AL =0,+2

I
A2NP (TMee + ) yeS yeS yeS T_ _s M+e_e_ in A4 : S4 , A5

Ai (teuu+..) | Yes | No | No T —e uu inA4
NP

(wett+...) | Yes | No | No

2
NP

BR(t- —u'ee’)<2.0x107 - A,y >10 TeV
BR(T" = e u)<23x 107 my, >5006eV  (m,, = gA,, 147)

. in simplest realizations of the above groups these operators are
hot generated at the LO

i

)

BR(t_ T M+e—e— ) e 0(”4) BR(T_ g e+M_M_ ) il O(uz
BR(t™ = u'uu ) BR(t" —u'uu ) mn,



B LFV - radiative decays |; -> Iy 6.=A,x SUSY..
from loops of SUSY particles

. allowing for the most general slepton mass matrix compatible with pattern
of flavour symmetry breaking. For instance [in super-"CKM” basis]

2 2

no npu nu m2yy (X,Y=L,R) are almost diagonal
A2 2 2 2
m;, =|n,u no N, UM + .. :
el R , 7 SUSY of f-diagonal terms (;;)xy
nsU Nyl n local in u=<p>/A
[om’ o 2
W [generic]
_ BR([;, = 1ly) | wmgyy
i — =7 2 ;
" BR(l. — Lviv)) 61y L, ‘w(l)uz‘z _I_&w(z)u2 [TQSTP'CTedd |
4 i 21779
wm?g, m class of models]

[wl2); are known O(1) functions of SUSY parameters]

. BR(‘LL —> e)/) ~ BR(‘L' —> M)/) ~ BR(‘L' s e)/) independently

from u & 35
T->py and T->ey below future experimental sensitivity

relatively light sparticle spectrum still allowed



. further contributions to slepton mass matrices if v masses come from type I
see-saw [ss], through RGE running

lf Gf:A4,S4,A5
at LO they only depend

on the smallest m,
at variance with the

34 42 )2 *
(5;2 )LL - _( 8;02))] UnU., 10gnnz_? + O(u)

3+ 612)y2 m |
5 _( P U U 10e™ 1+ O general case
( f@)LL 87> w2V e2 08 m, +Ow) [18 ss parameters]
(3 + azg)y2 | m, | m, M;
s\ - _ * g my Y*log ——%_ |y
(6TA“)LL - 8752 UrzUu2 log m, + Ur3UM3 IOg m, + O(M) e MM* " i

Example: A, x SUSY+ see-saw  [Hagedorn, Molinaro, Petcov 0911.3605]
Normal Ordering BR(u — ey) =~ BR(t — ey) = 0107 )BR(t — uy)

(82), =10"

Inverted Ordering BR(u—ey)=BR(T — ey) << BR(t — uy)

-- tanf small
-- relatively heavy sparticles
-- p-> ey close to the present bound

yet R, above 10 practically excluded

observation of T->py [R.,»107 ] rules out the A, x SUSY model



. A, models with special corrections

group theoretical origin of TB mixing suggests how to modify 3,5 0.1
while keeping %;, almost unchanged

assume 6,=Z; (generated by T) and G,=Z, (generated by S)
i.e. remove S’ generator

-- natural in the context of A, that contains S and T, but not S’
-- explicit constructions proposed before T2K,... [Lin 2009]
-- starting from the full 6,=Z, x Z,, the parity S’ can be broken at a high scale

COS Ot 0 ¢“°sina sintt; =v2/3 o+ ...
U’ =U,, x 0 1 0 sin® ¥, =1/3+2/9 a’ + ...
, O<as=sn/2 .
—e®sina 0 cosa 0<8<2 sin“ ¥, =1/2+ /A3 cosd+ ...
Orp =0

Trimaximal mixing

gives back TB when «=0 [assuming ®=0.1 and expanding

in power's of o]

l
20 AR
sin” U, sin 1913
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from the previous relations

: 1 1 . :
sin’ 9, = > + Esmﬂ13 cosdp + O(sin’ Uy;)
T o o ] A T PR o e et e
' contours of equal sinzﬁ indication for sin® 3,3 ~0.4
S [Normal f would favor -1 < cosd.p < -0.5
wos Ordering] |
e |
0} | | can be tested by measuring &,
, i j and improving on sin $,,
0431
It // 1
037

0.00 00@1 0.02 O@g Soloﬁ ) 01 30 .05

Trimaximal ansatz proposed with different motivations by many authors

[He, Zee 2007 and 2011, Grimus, Lavoura 2008, Grimus, Lavoura, Singraber 2009,
Albright, Rodejohann 2009, Antusch, King, Luhn, Spinrath 2011, King, Luhn 2011]

[similar tests can be realized in S, (TM) and A5 (GR)
more possibilities by enforcing 6,=Z, generated by SxS’ ]



B corrections to U%yys=Ugy realized in S,

in this case removing S° would not help since it would maintain 3,
very close to 11/4, i.e. the LO BM prediction

as observed long ago, the most efficient correction is of the following type

N a correction from the charged lepton sector,
UBM — Ue UBM mainly through rotations in the 12 and 13

sectors, to preserve 3,;=11/4

several existing models incorporate this idea, in particular in the context of 64,=S,

S, model with U%,,\s=Upy and typical O(0.1) corrections from U,
[size of the corrections - 0.17 - optimized to maximize the success rate]

) 1 ——
sin” U, -- a tuning of the parameters in U, is
o1} nheeded to reproduce both 3,5 and 3,

L & otherwise sin? 3, ranges from 0.2

v - ———

- ""‘ %1 upto08

- -

Sin’6,,

-- required funing is worse than in A, model
with typical O(0.1) corrections

0.001 F




S, models with special corrections

BM mixing can also arise from S, when G,=Z,x Z, (generated by T,T" ) and
G,=Z,x Z, (generated by S,S’) [FHT2]

(+1 0 0 #1 0 0
T={0 +1 0 =10 -1 0
0 0 -1 0 0 4+l

assume 6,=Z, (generated by T) and 6,=Z, xZ, (generated by S,S")
i.e. remove T  generator

-- starting from the full 6,=Z, x Z,, the parity T' can be broken at a high scale

cosa —e?sina 0 sint; = /2 + ...
U = e_i5 SIno CcOSL OlxU Sin21912=1/2+OCCOS(3/\/§+...
BM  0<as=m/2 . 5
0 0 1 0 <8< sin“¥,, =1/2-a"/4...
S,p =0
reasonable correction if charged leptons [assuming «=0.1 and expanding
are similar to quarks, i.e. dominant mixing in powers of ]

is in 12 sector



from the previous relations

|

sin2 ¢, = = +sin,, cosd,., + Osin> 9, since 3;3=0(\,) this realizes

a form of QLC

[Raidal 0404046
Minakata, Smirnov 0405088]

]]0 ] (ol I B LS S|
~ contours of equal| |sin2 9%, reduced parameter space still allowed
S|
‘§'5 I strong preference for dy =Tt
[no CP violation in lepton sector]
: and for the higher side of sin? 3,

testable by measuring o

-0.5 H

0.00 0000.01 002 ©.03 O'O4Sin2 %9213

[Frampton, Petcov, Rodejohann 0401206
Altarelli, F, Masina 0402155

Romanino 0402508,

Marzocca, Petcov, Romanino, Spinrath 1108.0614]

So far U,y = Upyys + COPrections



