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Introduction

Matter content in the Standard Model (SM):
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Introduction

Refreshing the Flavor Problem:

e m, # 0, neutrinos DO have mass and is pretty small:

Am3, = 7.597020 x 107%eV? and |AmZ,| = 2.5759% x 1073eV2.
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Introduction

Refreshing the Flavor Problem:

e m, # 0, neutrinos DO have mass and is pretty small:

Am3, = 7.597020 x 107%eV? and |AmZ,| = 2.5759% x 1073eV2.

o why are the lepton mixing angles larger than the
quark mixing angles?,

e what is the neutrino nature (Majorana Vs Dirac)?,

o why 3 families?

A. Aranda, C.B., S. Morisi, E. Peinado, J. Valle. arXiv:1307.3553
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Flavor Symmetries

Then:

We need to go beyond the SM.
One possibility is consider an additional symmetry, SM x G,
with which:

e is justified the presence of other fields (RH-neutrinos, H,,
flavons, etc.) and

@ is provided some structure to the fermion mass matrices.

A. Aranda, C.B., S. Morisi, E. Peinado, J. Valle.



Introduction
0®00

Flavor Symmetries

A good way for explaining fermion masses and mixing angles is
using relations among the families, horizontal symmetries,

Gg=0Gr.
Yol

1) Ap >> Agw. Effective theories.

where

2) Ap ~ Agw. Renormalizable models.

A. Aranda, C.B., S. Morisi, E. Peinado, J. Valle. arXiv:1307.3553
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Flavor Symmetries

The additional symmetry group Gr could be:
o Continuous: U(1)', U(2);
o Discrete: Zn, Q42, D63, A4’54, 5374 5, T/ 6

'Froggat and Nielsen...

2Frigerio, Hagedorn, Aranda, C.B., Rojas, Ramos...
3Babu...

4 Altarelli, Feruglio, Merlo, Ma, Tanimoto, Valle...
5Meloni, Mondragon, A. and M. , Morisi, Peinado...
8 Aranda, Chen, Frampton, Merlo,...
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Flavor Symmetries

What we want to do?

We want to focus on the possibility that Majorana mass terms
are not allowed from the flavor symmetry, i. e. neutrinos are
Dirac fermions

A. Aranda, C.B., S. Morisi, E. Peinado, J. Valle.
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Requirements

Let us consider one right-handed neutrino (Ng) per generation
and that these fields are accommodated in a 3-dimensional
irreducible representation of certain Gr. Then, we have that in
order to forbid any Majorana operator, e.g. NI%SNR,

% N = R such that R ® R is not invariant VR € Gp.

We found that -requirement is fulfilled by some non-Abelian
groups.

A. Aranda, C.B., S. Morisi, E. Peinado, J. Valle. arXiv:1307.3553
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Requirements

non-Abelian groups’

e A(3N?) for N > 3: these groups contain nine singlets and

(N? — 3)/3 triplets for N = 3Z. Otherwise, for N # 3Z,
they have three singlets and (N2 — 1)/3 triplets.

"H. Ishimori et al., Prog. Theor. Phys.Suppl. 183, 1 (2010)
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Requirements

non-Abelian groups’

e A(3N?) for N > 3: these groups contain nine singlets and
(N? — 3)/3 triplets for N = 3Z. Otherwise, for N # 3Z,
they have three singlets and (N2 — 1)/3 triplets.

Why N > 37:

i) For N=1, A(3) is isomorphic to Z3. This group is
discarded because it is Abelian.

ii) For N=2, A(12) is isomorphic to A4 but 3 ® 3 D 1, then is
also discarded.

iii) For N=3, A(27) has two 3-dimensional (3; and 32) and
nine 1-dimensional irreps (1; with ¢ = 1,...,9). In this
group 3; ® 3; = 3; @ 3; ® 3; then is a candidate for
creating a model of Dirac neutrinos.

"H. Ishimori et al., Prog. Theor. Phys.Suppl. 183, 1 (2010)
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Requirements

non-Abelian groups’

o A(3N?) for N > 3: these groups contain nine singlets and
(N? — 3)/3 triplets for N = 3Z. Otherwise, for N # 3Z,
they have three singlets and (N2 — 1)/3 triplets.

e X(3N3) for N > 3: the set of groups with N(N? +8)/3
conjugacy classes, 3N singlets and N(N? — 1)/3 triplets.

"H. Ishimori et al., Prog. Theor. Phys.Suppl. 183, 1 (2010)
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Requirements

non-Abelian groups’

o A(3N?) for N > 3: these groups contain nine singlets and
(N? — 3)/3 triplets for N = 3Z. Otherwise, for N # 3Z,
they have three singlets and (N2 — 1)/3 triplets.

e X(3N3) for N > 3: the set of groups with N(N? +8)/3
conjugacy classes, 3N singlets and N(N? — 1)/3 triplets.

o Ty for N =7,13,19,31,43,49: these groups have 3 singlets
and (N — 1)/3 three-dimensional irreducible
representations.

"H. Ishimori et al., Prog. Theor. Phys.Suppl. 183, 1 (2010)
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Dirac neutrinos model

The model:

L|bpg|lor|lsr | Nr | H
SU@2). | 2 11 1]2
ART) |31 [V |17 | 3 |%

Table: Matter assignments of the model.
The most general invariant Lagrangian for leptons is written as

3
Ly =) Y{LtrH +Y"LNRH + h.c.,
=1

vyhere we use the compact notation H = (Hy, Hs, H3) and
H = (Hl,HQ,Hg) with Hi = iUQH*.

A. Aranda, C.B., S. Morisi, E. Peinado, J. Valle. arXiv:1307.3553



Dirac neutrinos model

The most general invariant Lagrangian for leptons is written as
3 — ~
Lo=) Y{LtrH +Y"LNRH + h.c.,
i=1
and mass matrices, after EWSB, are:

avy bvs  cvg

M, = cvs avy buy (1)
bvy cv1 avs
M, = vag wYQKUQ wQYfUQ

Yivg w?Yfvs wYfvs

2mi/3

where w = ¢ and v; are Higgs scalar vevs.

A. Aranda, C.B., S. Morisi, E. Peinado, J. Valle. arXiv:1307.3553



Dirac neutrinos model

The vev aligment” (H) = v(1,1,1) turns out to be natural in
A(27) and taking it into account the mass matrices get the
following form,

a
M, = v| ¢
b

"This minimum is the global one, for more details see, C. Nishi, Phys.
Rev. D 88, 033010 (2013),[1306.0877].

A. Aranda, C.B., S. Morisi, E. Peinado, J. Valle. arXiv:1307.3553



Dirac neutrinos model

Warning

The lepton mixing matrix is,

U=UU, (3)
where Uy and U, are those which diagonalize
MM] and M, M;], (4)
respectively. But when the vev alignment is (H) = v(1,1,1) we
have that,
U—U—U=i ii(jz (5)
f ’ E 1 w? w
and then
U=U/U,=1

A. Aranda, C.B., S. Morisi, E. Peinado, J. Valle. arXiv:1307.3553



Dirac neutrinos model

Warning

The lepton mixing matrix is,

U=UU, (3)
where Uy and U, are those which diagonalize
MM] and M, M;], (4)
respectively. But when the vev alignment is (H) = v(1,1,1) we
have that,
U=U,=U, = L i :J ;2 (5)
e o V3 1 w? w
and then

U= UJUI, = 1. This is not compatible with datal (6)

A. Aranda, C.B., S. Morisi, E. Peinado, J. Valle. arXiv:1307.3553



Dirac neutrinos model

We found that if we consider small deviations of the vev
alignment, ei. (H) = 0(1 +€1,1 + e2,1)7, the mass matrices

become
a(l +ep) b c(1+ e)
M, = @ c a(l+e) b(l+er) (7)
b(l+e) c(l+e) a
Y{l+ea) Yi(l+ea) Y{(1+ea)
My, = o |Yi{(1+e) wYf(l+e) w?Yi(l+e)

v w2y wYy
and the lepton mixing matrix is not the identity,

A. Aranda, C.B., S. Morisi, E. Peinado, J. Valle. arXiv:1307.3553



Dirac neutrinos model

Then, we rewrote the parameters (a, b, c, Yf) in terms of the
neutrino mass splittings (Am3, and |[Am3,|) and charge lepton
masses, deviated the vev up to 30% and selected those solutions
which satisfy the global fits® for the mixing angles at 3o,

0.017 < sin® 613 < 0.033

0.36(0.37) < sin? fa3 < 0.68(0.67) NH(IH)
0.27 < sin® 015 < 0.37.

8D. Forero, M. Tortola and J. W. F.Valle, Phys.Rev. D86, 073012 (2012).
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Results

NH case

We got a correlation between the atmospheric angle and the
lightest neutrino mass.
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Results

NH case

0.65

0.60
0.55
o v, o

ot B - S

=

sin26,;

005 010 015 020 025 030

my(eV)

Figure: NH case: the horizontal dotted lines represent the best fit
values, the blue and gray horizontal bands are the 1o and 20 allowed
ranges, respectively. The blue, red and black points are model
expectations corresponding to vev deviations of 10%, 20% and 30%
respectively. The vertical dot-dashed line indicates KATRIN’s
sensitivity.
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Dirac neutrinos model
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Results

IH case

Sln2623
o o
3 &
|

005 010 015 020 025 0.30
mz(eV)

Figure: TH case: note that in this case a 30% vev deviation is not
enough to reach the best fit value of 6o3.
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Results

We also checked that the model is not ruled out by the decay
@ — ey. The experimental bound? set by MEG is of the order

O~ 10713,

Cases | Br'™(u — ey) | my, (eV) | sin? a3
) [ LOS <10 | 02399 | 0.4956

i) | 1.74x 10~ | 0.0930 | 0.4615
i) | 1.65x10 % | 0.0762 | 0.6107

Theoretical branching ratios for the process y — ey for three
different cases corresponding to three different sets of (e7,€2),

my, , and sin? 3.

“MEG Collaboration, J. Adam et al.,1303.0754

arXiv:1307.3553
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Figure: This plot is for NH in our model and i = 1,2, 3 are the
corresponding branching ratios for those sets in last Table.
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Conclusions

e We have a model for Dirac neutrinos from the flavor
symmetry group A(27),
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Conclusions

e We have a model for Dirac neutrinos from the flavor
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transitions.
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Conclusions

e We have a model for Dirac neutrinos from the flavor
symmetry group A(27),

The expected p — ey branching ratios in our model are
consistent with the current bounds,

(]

A complete analysis including flavor changing neutral
transitions.

Is it possible to include the quarks in this scenario?
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Conclusions

e We have a model for Dirac neutrinos from the flavor
symmetry group A(27),

@ The expected p — ey branching ratios in our model are
consistent with the current bounds,

o A complete analysis including flavor changing neutral
transitions.

o Is it possible to include the quarks in this scenario?

e Thank you.

A. Aranda, C.B., S. Morisi, E. Peinado, J. Valle. arXiv:1307.3553
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Conclusions

The scalar potential'® invariant under Standard Model and
A(27),

2
VA(27) = /1,2 [HIH1 + H;LHQ + H;Hd} + )\() [HIH1 + HgHQ + H;Hd}
+ M |(H{H)? + (H{H,)? + (HgHs)z}
— Ao (B} Hy)(HY Ho) + (Y Ho) (H Ha) + (] Hg) (H] Hy)|

[ + 2 § 2 N 2
e | |HL | +‘H2H2‘ +’H3H3”

+ A3 :(HIHQ)(HIH?,) + (H}H;)(H}Hy) + (Hgﬂl)(HgHz)} + h.c.

19G. Branco, J. Gerard and W. Grimus, Phys.Lett. B136, 383 (1984)

A. Aranda, C.B., S. Morisi, E. Peinado, J. Valle.
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Conclusions

On the other hand, to this scalar potential we add soft breaking
terms (SBTs) so as to induce a small deviation from the vev
alignment (1,1,1) '*, namely

V' = Vaen +Vss (9)
where

Vsp = iy HI Hy + piis H Hy + p3; H{Hy + hoc. (10)

1This leads to a correlation between the atmospheric angle and the
lightest neutrino mass as showed

A. Aranda, C.B., S. Morisi, E. Peinado, J. Valle. arXiv:1307.3553



Conclusions

Cases | mp, Mp, Mpy ma, mA, M+ M+
i) 124.68 | 431.64 | 458.96 | 434.60 | 462.34 | 300.14 | 338.65
ii) 124.83 | 254.94 | 291.34 | 405.28 | 414.29 | 240.56 | 255.36
iii) 124.89 | 274.21 | 337.97 | 398.77 | 402.60 | 292.562 | 304.14
Cases )\0 /\1 )\2 )\3
i) 1.69 | 1.88 | -1.89 | -1.40
ii) 0.78 | -0.39 | 1.71 | -1.83
iii) 1.99 | -1.12 | 0.53 | -1.90

A. Aranda, C.B., S. Morisi, E. Peinado, J. Valle. arXiv:1307.3553
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