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Qutline

Lepton mixing: parametrization and experimental results

Lepton mixing from non-trivial breaking of G ; & CP

(Harrison/Scott ('02,04), Grimus/Lavoura ('03), Feruglio et al. ('12))

Model with S, and CP for leptons  (reruglio et al. ('12;13))

Conclusions



L epton mixing

charged lepton mass terms and Majorana neutrino mass terms
62 Me, ab lb and Va My, ab Vb

cannot be diagonalized simultaneously

going to the mass basis

Ulmim.U, = diag(m? mi,mQ) and U'm,U, = diag(m, ma, ms3)

leads to non-diagonal charged current interactions

Z_W_UPMNS v With Upyns = UJUV



Parametrization of lepton mixing

Parametrization (ppe)
UPMNS — 0 diag(l, 6ia/2, 6i<ﬁ/2+5))

with
C12C13 512C13 s1ze” %
[7 — | —S12€23 — C12823813€i5 C12€23 — 812823813€i5 5$23C13
$§12523 — 012023813€i5 —C12523 — 812023813€i5 C23C13

and Sij = sin (97;3', Cij — COS (97;]'
Jarlskog invariant Jop

k k
Jep = Im [UPMNS,HUPMNS,13UPMNS,31UPMNS,33}

1
= 3 sin 26015 sin 26053 sin 26013 cos 013 sin 0



Experimental results on lepton mixing

Latest global fits  (Gonzalez-Garcia et al. (12))
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Experimental results on lepton mixing

Latest global fits  (Gonzalez-Garcia et al. (12))
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Experimental results on lepton mixing

Latest global fits  (Gonzalez-Garcia et al. (12))
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Experimental results on lepton mixing

Latest global fits  (Gonzalez-Garcia et al. (12))

best fit and 1 o error 3 o range

sin® 013 = 0.0227 0 005:  0.0156 < sin” #;3 < 0.0299

sin® 015 = 0.30270°015  0.267 < sin® 15 < 0.344

0.413+0-037
Sin2 0oz = ;88;? 0.342 < Sin2 03 < 0.667
0.594 75 022
o 66° o o
§ =300°" o0 0° <6 < 360

a, B unconstrained



Experimental results on lepton mixing

Latest global fits  (Gonzalez-Garcia et al. (12))

0.83 0.54 0.15
HUpymnsll = | 050 0.59 0.64
0.26 0.60 0.76

and no information on the phases

4

Mismatch in lepton flavor space is large!



Origin of lepton mixing

Interpret this mismatch in lepton flavor space as
mismatch of flavor symmetries G, and G,

If we want to predict lepton mixing, we have to derive this
mismatch

let us assume that there is a symmetry, broken to G, and G.

this symmetry is in the following a combination of a

discrete non-abelian symmetry Gy and C'P
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Origin of lepton mixing

Interpret this mismatch in lepton flavor space as
mismatch of flavor symmetries G, and G,

If we want to predict lepton mixing, we have to derive this
mismatch

let us assume that there is a symmetry, broken to G, and G.

this symmetry is in the following a combination of a

discrete non-abelian symmetry Gy and C'PP



Non-trivial breaking of G ¢ and C P

ldea:

Relate lepton mixing to how G’y and C'P are broken
Interpretation as mismatch of embedding of different sub-
groups G, and G, into G and C'P

(Feruglio et al. ("12,13), Holthausen et al. ('12), Grimus/Rebelo ('95))

G;&CP
v N\

neutrinos charged leptons
Gy Ge



Non-trivial breaking of G ¢ and C P

ldea:

Relate lepton mixing to how G’y and C'P are broken
Interpretation as mismatch of embedding of different sub-
groups G, and G, into G and C'P

G &CP
Ve N\

neutrinos
_ charged leptons
assume 3 generations o _
_ _ distinguish 3 generations
of Majorana neutrinos



Non-trivial breaking of G ¢ and C P

ldea:

Relate lepton mixing to how G’y and C'P are broken
Interpretation as mismatch of embedding of different sub-
groups G, and G, into G and C'P

Gy &CP
v N\
neutrinos charged leptons
G, =72, xCP Ge=Zx with N >3

An example: Ut reflection symmetry (Harrison/Scott ('02,04), Grimus/Lavoura ('03))



Non-trivial breaking of G ¢ and C P

Gy &CP
v N\
neutrinos charged leptons
G, =2y xCP Ge =2y wWith N >3

Further requirements

two/three non-trivial mixing angles =- irred 3-dim rep of G+

"maximize" predictability of approach



Non-trivial breaking of G ¢ and C P

Consistency conditions have to be fulfilled:

definition of generalized CP transformation (see e.g. Branco et al. (11))

CP N
¢i — Xijd;

for X unitary and symmetric

qu—P>qu*C—P>XX*gb:qb



Non-trivial breaking of G ¢ and C P

Consistency conditions have to be fulfilled:

definition of generalized CP transformation (see e.g. Branco et al. (11))

CP N
¢i — Xijd;

we have to consistently combine G; and C'P

4

"closure" relations have to hold



Non-trivial breaking of G ¢ and C P

Consistency conditions have to be fulfilled:

definition of generalized CP transformation (see e.g. Branco et al. (11))

CP N
¢i — Xijd;

assume ¢ transforms as 3-dim rep of G4, then

6 S8 xor G5 xarer E8 xarxre = (X1 AX)

4

(X*AX)" = A" withingeneral A# A" and A, A" € Gy
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CP N
¢i — Xijd;

"closure" relations
(X*AX)" = A" withingeneral A# A" and A, A’ € Gy

realize direct product of Z, C G and C'P



Non-trivial breaking of G ¢ and C P

Consistency conditions have to be fulfilled:

definition of generalized CP transformation (see e.g. Branco et al. (11))

CP N
¢i — Xijd;

"closure" relations
(X*AX)" = A" withingeneral A# A" and A, A’ € Gy
realize direct product of Z, C G and C'P; Z generates Zs

6 S8 xor 22 X770 and ¢ 2 20 S8 zx0*



Non-trivial breaking of G ¢ and C P

Consistency conditions have to be fulfilled:

definition of generalized CP transformation (see e.g. Branco et al. (11))

CP N
¢i — Xijd;

"closure" relations
(X*AX)" = A" withingeneral A# A" and A, A’ € Gy
realize direct product of Z, C G and C'P; Z generates Zs

XZ*—-7ZX =0



Non-trivial breaking of G ¢ and C P

Gy &CP
v N\
neutrinos charged leptons
G, =2y xCP Ge =2y wWith N >3

Further requirements

two/three non-trivial mixing angles =- irred 3-dim rep of G+

"maximize" predictability of approach



Non-trivial breaking of G ¢ and C P

neutrino sector: Z, x CP preserved

neutrino mass term v, my qp Vs
IS invariant under v, — Z,3 v3
IS invariant under generalized CP transformation v, — X,z yg

charged lepton sector: Zn, N > 3, preserved

charged lepton mass term e me qb lp
IS invariant under [, — Qc.op!3



Non-trivial breaking of G ¢ and C P

neutrino sector: Z, x CP preserved

— neutrino mass matrix m,, fulfills
Zt'm,Z =m, and Xm,X =m}
charged lepton sector: Zn, N > 3, preserved

charged lepton mass term e, me a5 I
IS invariant under I, — Qc.ap!3



Non-trivial breaking of G ¢ and C P

neutrino sector: Z, x CP preserved and generated by (v = 2, V')

X=0,9" and 7Z=9Q,z%9Q1
Z%%9 — diag (—1,1,—1) and €, unitary

charged lepton sector: Zn, N > 3, preserved

charged lepton mass term eg me qp I
IS invariant under [, — Qc.ap!3



Non-trivial breaking of G ¢ and C P

neutrino sector: Z, x CP preserved

— neutrino mass matrix m,, fulfills
74910 m, 0,124 = [QT'm,Q,] and [Q1m, Q] = [QTm,Q,]*
charged lepton sector: Zn, N > 3, preserved

charged lepton mass term e, me a5 I
IS invariant under I, — Qc.ap!3



Non-trivial breaking of G ¢ and C P

neutrino sector: Z, x CP preserved

— neutrino mass matrix m,, is diagonalized by
QV (X7 Z)R(G)KV
charged lepton sector: Zn, N > 3, preserved

charged lepton mass term e, me a5 I
IS invariant under I, — Qc.ap!3



Non-trivial breaking of G ¢ and C P

neutrino sector: Z, x CP preserved

— neutrino mass matrix m,, is diagonalized by
2, (X, Z)R(0)K,
charged lepton sector: Zn, N > 3, preserved
— charged lepton mass matrix m,. fulfills

QimlmeQe = mlme



Non-trivial breaking of G ¢ and C P

neutrino sector: Z, x CP preserved
— neutrino mass matrix m,, is diagonalized by
QV (X7 Z)R(G)KV

charged lepton sector: Zn, N > 3, preserved and generated by

Qe = Q.Q%OT with Q. unitary
Q9 = diag (wy, wy', wi)

and n.#n, #n, and wy = 2/ N



Non-trivial breaking of G ¢ and C P

neutrino sector: Z, x CP preserved
— neutrino mass matrix m,, is diagonalized by
2, (X, Z)R(0)K,
charged lepton sector: Zn, N > 3, preserved
— charged lepton mass matrix m,. fulfills

QL (Qe)mimeQ(Q.) is diagonal



Non-trivial breaking of G ¢ and C P

neutrino sector: Z, x CP preserved

— neutrino mass matrix m,, is diagonalized by
QV (X7 Z)R(G)KV
charged lepton sector: Zn, N > 3, preserved

— charged lepton mass matrix m,. fulfills
QL (Qe)mimeQ(Q.) is diagonal

conclusion: PMNS mixing matrix reads

UPMNS:Q;EQVR(Q)KV in Z_W_UPMNSV



Non-trivial breaking of G ¢ and C P

Upnins = UQ,R(O)K,
3 unphysical phases are removed by 2, — Q.K,

Uparns CONtains one parameter 0

permutations of rows and columns of Upj; s possible

4

Predictions:
Mixing angles and CP phases are predicted
In terms of one parameter 6 only,
up to permutations of rows/columns




Study of S, and C P

Generators in rep. 3': (w= 62m'/3>
-1 2 2 1 0 0 1 0
1
Szg 2 -1 2 , T=| 0 w? 0 , U= 0 0
2 2 -1 0 0 w 0 1
which fulfill



Study of S, and C P

A transformation X inrep. 3’ for Z = S:

1 0 O
Xg = 0O 0 1
0O 1 0

XXT=XX*=1
(X*AX)*=A" |, XZ*-ZX =0

which fulfills

/] J J S S S S S S S S



Study of S, and C P

Maximal 6,3 and 6 from G, = Z3, Z = S and our X

(Harrison/Scott ('02,04), Grimus/Lavoura ('03), Feruglio et al. ('12,13))

2cost V2 2 sin 6
1
UPMNSZ% —cosf +iv/3sinf /2 —sinf — iv/3cosf
—cosf —iv/3sinf 2 —sinf + iv/3cosb

2 1 1
Sin2913:§Sin29, Sin2912: 2—|—(308297 Sin2923:§
and
in 26
|sind| =1, |Jop|= | sin 20) , sina=0, sinf=0




Study of S, and C P

Maximal 653 and § from G, = Z3, Z = S and our X

1.0

i SiIl2 912

0.8+
0.6

0.4

02¢
I S Il913
00 S S S
00 02 04 0.6 0.8 10

/] J J S S S S S S S S



Study of S, and C P

Maximal 6,3 and 6 from G, = Z3, Z = S and our X

0.10 3

JCP I |
0.05+¢

| 9=0
0.00, [ —
—-0.05¢

| )

D=x/3 SIn“0O

NT)

0.0 02 04 06 08 10



Study of S, and C P

Maximal 6,3 and 6 from G, = Z3, Z = S and our X

010———

005r

0.00 0=n/2
-0.05¢
b=rn/3
sin 63

~0.10L i
0.0 0.2 04 0.6 0.8 10




Study of S, and C P

Maximal 6,3 and 6 from G, = Z3, Z = S and our X

O ~ 0.185 ~ 184 for 6y < /4

2
Xmin

sin” 013(Opf) &~ 0.023 ,  sin® 012(0ps) ~ 0.341



| Study of S, and C' P

Non-trivial Majorana phases from G, = Z3, Z = S and another X

% —7,0( \/__|_ 6219) 1 % —7,0( Z\/_—|— 627,0)

1
Upmns = ﬁ —e™ 1 —ett K,

% —19( zf%—em@) 1 %e—w (i\/§+62w)

, (4 + V3 sin 20) cos 29\/4 — 24/3sin 20 | cos 20|
| sind| = . |Jop| =
5+ 3cos46 61/3
, V3 + 2sin 26 , 4+/3 cos 20
sinal = m281 Jsing) =
2 + /3 sin 26 5+ 3cos4b




Study of S, and C P

Non-trivial Majorana phases from G, = Z3, Z = S and another X

% —7,0( \/__|_ 6219) 1 % —7,0( Z\/_—|— 627,0)

1
Upmns = ﬁ —e™ 1 —ett K,

% —19( zf%—em@) 1 %e—w (i\/§+62w)

3 2
sin? f13 = (1 — L— sin 29) . sin? 0 =

1
3 44+ +/3sin20 "’
sin® 6
sin2 (923 — { 2

1 —sin (912



Study of S, and C P

Non-trivial Majorana phases from G, = Z3, Z = S and another X

Opf ~ T/4 5 Xipin 2 100

sin” 013(0pf) = 0.045 ,  sin® 012(Ops) = 0.349

0.349

Sin2 923(9 ) —
bf 0.651

sin 5(9bf) =0 , |Sin O‘|(6bf) =1 y Slnﬁ(ebf) =0



Study of S, and C P

Trivial CP phases from G, = Z3, Z = S and again another X

2 cos b V2 2sin 6
1
UPMNS:% —cosf —+/3sinf 2 —sinf + /3cosh K,
—cosf ++/3sinf /2 —sinf —+/3cosh

1 1 v/3 sin 26
.2 2 ‘02 in?
sin? 013 sin" 0, sin" 012 = 5o, sin"fy =5 ( 2 + Cos 29)

and

sind =0, sina=0, sing=0



Study of S, and C P

Trivial CP phases from G, = Z3, Z = S and again another X

2 cos b V2 2sin 6
1
UPMNS:% —cosf —+/3sinf 2 —sinf + /3cosh K,
—cosf ++/3sinf /2 —sinf —+/3cosh

0.184, 6053 < 7'('/4 .
~ { » Xrain 10 1 sin® 013(0) = 0.022

Oy ¢ ~
bf 2.958, 033 > 7'('/4

0.394

sin? 012(Opg) = 0.341 ,  sin? Oz (Opg) =
bf bf 0.606



SUSY model with S, and C P for leptons

* left-handed leptons [ are unified in 3’ of S,
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left-handed leptons [ are unified in 3’ of S,

right-handed charged leptons are singlets under Sy;
add Zs in order to distinguish them: 1, w, w?

deviation in breaking pattern: G, = Z?ED): diagonal subgroup
of Z3 C S, (generated by T') and add. Z3

0 small due to small breaking Z; x Zo x CP — Z5 x CP



SUSY model with S, and C P for leptons

left-handed leptons [ are unified in 3’ of S,

right-handed charged leptons are singlets under Sy;
add Zs in order to distinguish them: 1, w, w?

deviation in breaking pattern: G, = Z?ED): diagonal subgroup
of Z3 C S, (generated by T') and add. Z3

0 small due to small breaking Z; x Zo x CP — Z5 x CP

(not shown an auxiliary symmetry 7,4 and U (1) g for vacuum
alignment)



SUSY model with S, and C P for leptons

left-handed leptons [ are unified in 3’ of S,

right-handed charged leptons are singlets under Sy;
add Zs in order to distinguish them: 1, w, w?

deviation in breaking pattern: G, = Z?ED): diagonal subgroup
of Z3 C S, (generated by T') and add. Z3

0 small due to small breaking Z; x Zo x CP — Z5 x CP

C C

[ | e | u| 7 | hy | hy
S.13 111|111
Zs |l 1|1 | w|w?| 1 1




SUSY model with S, and C P for leptons

left-handed leptons [ are unified in 3’ of S,

right-handed charged leptons are singlets under Sy;
add Zs in order to distinguish them: 1, w, w?

deviation in breaking pattern: G, = Z?ED): diagonal subgroup
of Z3 C S, (generated by T') and add. Z3

0 small due to small breaking Z; x Zo x CP — Z5 x CP

XE | ¢E | EN | XN | on | €N
Sy 2 3’ 1 2 3’ 1’
3| w | w 1 1 1 1




SUSY model with S, and C P for leptons

Remember S, T and U for 3’



SUSY model with S, and C P for leptons

For the other representations the generators S, T'and U and X are

1: S=1, T=1, U=1,
1/: S=1, r=1, =-1
1 0 w 0 0 1
2: S: ’ T: 3 U: ’
0 1 0 w? 1 0
-1 2 2 1 0 O 1 0 O
3: S=3| 2 -1 2 |, T=[0 w? 0|, U==|0 0 1
2 2 -1 0 0 w 0 1 0
1 0 O
and X11,X1/—1,X2( ),X3— 0O 0 1
0
0 1 0



SUSY model with S, and C P for leptons

Charged lepton sector

breaking to G, = Z?ED) via

0 0
1
0

lowest order couplings

Yr (lop)Tha/A + yu1 (%) 1ha/ A + yu2(IXEoR) o ha/ A2



SUSY model with S, and C P for leptons

Charged lepton sector

lead to non-zero muon and tau lepton mass

U

v
My = (2 Yp,1Vpp + Yu2Vxp) % (ha) m; = =

. 224 IO
yr—x | (ha)
for (xg), (pr) ~ XA = m,/m; =X\, m; =\ (hy)
with A~ 0.2

electron mass vanishes; generated by higher order terms

charged lepton mass matrix is diagonal = Q. =1



SUSY model with S, and C P for leptons

Neutrino sector

breaking to Z; x Z5(xCP) via

<€N>:U€N7 <XN>:UXN (1) 9 <90N>:v90N 1

and wvg, , Vyy, Uy, have same phase (£m)

with (&%) € iR breaking to Z, x CP

lowest order couplings

Yo 1 (INENRL A + yuo(llon)he /AP +y, 5 (L nEl ) h2 /AP



SUSY model with S, and C P for leptons

Neutrino sector

neutrino mass matrix contains three real parameters
t, o vey [, uy X v,y /A and z, o (E)vy /A

they have order: t,, u, ~ Aand z, ~ A\ for (®y) ~ XA, A = 0.2

form of neutrino mass matrix m,,




SUSY model with S, and C P for leptons

Neutrino sector

PMNS mixing matrix from neutrino sector only and is of form

2 cos b V2 2 sin 6
1
UPMNS:% —cosfh +iv3sinf /2 —sinfh —iv/3cosb
—cosfh —i\/3sinf +/2 —sinf + iv/3cosf

the parameter 6 is

tan 20 = ~ A\

Vs
and the lepton mixing angles read

sin 03 ~ 2)\2 . sin®fio~ 1 +2X2 sin?f,3 =1
3 3 , 3 9 ’ 3 2



SUSY model with S, and C P for leptons

Neutrino sector

neutrino mass spectrum is normally ordered;
masses depend on two parameters ¢, and u, = f(u,,z,)
(in units (h,)?/A)

my1 X |t, + Uy| , mo x |t,]| , m3 o |t, — Uy

and Am?

sol

for best fit values of Am?

atm

mi1 ~ 0.016eV , mg =~ 0.018eV , m3 ~ 0.052eV
0.003eV S mee S 0.018eV and mg ~ 0.018eV



SUSY model with S, and C P for leptons

NLO contributions for charged leptons

electron mass is generated

... through operators with five fields @,
e.g. lec&xnpnhq/A°, if we consider shifts in (@)
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SUSY model with S, and C P for leptons

NLO contributions for charged leptons

electron mass is generated

... through operators with five fields @,
e.g. lec&xnpnhq/A°, if we consider shifts in (@)

... through operators with six fields @,
e.g. le¢€xEhonha/A° with LO VEVS

(@n) ~AAand 6{xn) ~ A {xn) = me A (hy)

charged lepton mass matrix is non-diagonal at NLO;
however, induced mixing angles are very small: Gﬁj ~ M\



SUSY model with S, and C P for leptons

NLO contributions for neutrinos

largest correction from VEV shift of field y

14+2a )
<XN>:UXN . , OKG[R
1l—72a )

which still preserves Z; x CP = parameter p, ~ \3:



SUSY model with S, and C P for leptons

NLO contributions for neutrinos
largest correction from VEV shift of field y
1+72a )

<XN>:U 705€|R
12 ian

which still preserves Z; x CP = parameter p, ~ \3:

tu ‘|‘ 2“1/ — Uy — ixv—i—py —Uy ‘|' ixu+py

TnyLC):: —Uy — 1T, +Py 2Uy, + 1T, 4Py t, — U,

—Uy +12,+Dy t, — u, 2Uy, — 1Ty, +DPy




SUSY model with S, and C P for leptons

NLO contributions for neutrinos

largest correction from VEV shift of field y

14+2a )
<XN>:UXN . , OKG[R
1l—72a )

which still preserves Z; x CP = parameter p, ~ \3:
no effect on mixing; small shift in neutrino masses



SUSY model with S, and C P for leptons

NLO contributions for neutrinos
largest correction from VEV shift of field y
1+72a )

<XN>:U 705€|R
N 1l—72a )

which still preserves Z; x CP = parameter p, ~ \3:
no effect on mixing; small shift in neutrino masses

other corrections to m,, are max. order A% in units (h,)?/A
... hegligible



SUSY model with S, and C P for leptons

Flavon superpotential: main ingredients
a U(1)r symmetry
so-called driving fields with R charge +2

€, €% 1 x% | &% [ % | % | &%
Sy 1 2 1 2 3’ 1
/3 W W 1 1 1 1
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SUSY model with S, and C P for leptons

Flavon superpotential: main ingredients
a U(1)r symmetry
so-called driving fields with R charge +2
flavons have R charge 0

flavor and CP symmetries broken at high energies,
SUSY still intact

F-terms of driving fields need to be set to zero

ow

a30

these equations determine the flavons’ VEVs



SUSY model with S, and C P for leptons

Flavon superpotential:
a U(1)r symmetry
so-called driving fields with R charge +2
flavons have R charge 0

typical terms in superpotential are of the form
M?*®° + M3°T + 0 dOTUY
form of F-terms is particularly simple

M2+ MU +q0Y =0



SUSY model with S, and C P for leptons

Flavon superpotential:
a U(1)r symmetry
so-called driving fields with R charge +2
flavons have R charge 0

typical terms in superpotential are of the form
M?*®° + M3°T + 0 dOTUY
here flavon superpotential can be divided into three parts

Wy = Wrle T Wl T Welg



SUSY model with S, and C P for leptons

Flavon superpotential:
a U(1)r symmetry

so-called driving fields

&, X% & [N | X | &
Sy 1 2 1 2 3’ 1
/3 W W 1 1 1 1

flavon superpotential can be divided into three parts

Wy = Wele T Wey + Wrle



SUSY model with S, and C P for leptons

Flavon superpotential:
a U(1)r symmetry

so-called driving fields

L ER x| & | XX | N | &R
S| 1 211|231

/3 W W 1 1 1 1

part |

Were = e £ (XEXE)+ae £ (0rPE)+be (X XEXE)Fce (XpPEPE)



SUSY model with S, and C P for leptons

Flavon superpotential:
a U(1)r symmetry

so-called driving fields

E5 60 I x| & | XX | o% | &R
S| 1 211|231

/3 W W 1 1 1 1

part ||

wfl,z/ = Qy 5%512\7 _I_&V f?\fg%\f _I_dl/ g?\[&NgN ‘|‘bu f?V(XNXN) _|_CV f?\](SONSON)
+d, (XY xNxN) + e (XSenen) + fuén(@len) + g0 (W enen)



SUSY model with S, and C P for leptons

Flavon superpotential:
a U(1)r symmetry

so-called driving fields

Ey En | XB &R | x| o% | &R
S, 1 211|231




SUSY model with S, and C P for leptons

Flavon superpotential: dominant NLO terms

are

Su1 EN (XNENXN)/A+501 En (XN ENXN)/A+502 (OGN ENXNEN) /A

correct the VEVs of the fields x

1+72a )
<XN>UXN( ) , « € R

1 —72a )

other NLO terms give much smaller contributions; thus rest
of shifts in VEVs is of relative order \*



Conclusions

Scenarios with G ¢ and C'P predict mixing angles and CP
phases in terms of one parameter ¢

Explicit model with S, and C'P ...

predicts 0,3 and 6 maximal as well as « and 3 trivial due
to symmetry breaking pattern



Conclusions

Scenarios with G ¢ and C'P predict mixing angles and CP
phases in terms of one parameter ¢
Explicit model with S, and C'P ...
explains 6,5 small via naturally small 6,
leads to normally ordered light neutrino masses,
predicts absolute neutrino mass scale,
generates charged lepton masses of correct order



Conclusions

Scenarios with G ¢ and C'P predict mixing angles and CP
phases in terms of one parameter ¢

Explicit model with S, and C'P constructed

Consider models with other G ¢? Extension to quarks?

Thank you for your attention.
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Study of S, and C' P —Flavon superpotential

VAV N4



SUSY model with S, and C P for leptons

Flavon superpotential: F-terms of driving fields with index E

6’wfl
= 2a,
85% XE1XE,2

6’wﬂ
3

50 = be X2E,1 + Ce (SOQE,:s + 20E19E,2)

= Gc (951 +20E208,3)

5" = be X2E,2 T Ce (¢2E,2 +20E19E3)



SUSY model with S, and C P for leptons

Flavon superpotential: F-terms of the driving fields £%;, x% and ¢©%

8wfl

ay €3 + @y £3, + v ENEN + 2 by XNIXN.2 + Cu (go%\],l + 20N .2¢0N,3)
dv X% 1+ ev (PR3 + 20N,19N,2)

dy X2+ ev (PR 2 + 20N,19N,3)

Jv ENSON,l + 290 (90?\1,1 — ON,2¥N,3)

fuénens +2gu (P2 — PN,1PN,3)

frénene +2g (90%\1,3 — ON,1¥9N,2)
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