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Discrete Dark Matter Model: . Hirsen, etar. 101

Non-Abelian discrete flavour symmetry breaking into one of

its subgroups, by means of EWSB, accounts for the neutrino
masses and mixing and dark matter stabillity.

A4 DDM models: . Hirsch etar 10, 0. Metoni, et 10 Charged leptons

diagonal. Light neutrino masses and mixings via type | Seesaw.
DM Candidate.

Interesting DM phenomenology . s soucena, et 111.
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Particle assignments
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The Model

Particle assignments

L. | L, | L, | £ ] Ic | £ | Ny
SU) | 2 | 2 | 2 [ 1] 111
Ay 1 1’ 1" 1 1" 1’ 3
H | n| ¢
SU(Q) 2 1
Ay 3 | 3 Another model,

analogous pheno.
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The Mode|
Symmetry breaking

Flavour symmetry
breaking (at a scale m
close to the seesaw

scale)

*Seesaw B B Let S (Z£)
scale v (@1) =05 70, (922) =0. invariant.
Type |

Seesaw @ Effective Zo potential at the EW scale.

(Flavon dynamics integrated out)

Y Scalar fields, H and ns.23, VEVs
‘EWSB‘ alignments:

(H?) =vn # 0, (n)) =vy #0, (n23) =0
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The Yukawa Lagrangian
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Diagonal mass matrix for charged leptons.



The Model

The Yukawa Lagrangian

L%f‘)yfi2+ YLyl H +yr LoD H S *
i{ -+ ylyLe[NT 77]1 =+ yQVL,LL[NT 77]1” -+ ygLT[NT 77]1’ + yZLe N4 H + ygLT N5 H

Diagonal mass matrix for charged leptons.

Mixing only from Neutrinos (in Z2 even sector)
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Light LH Majorana neutrinos get masses via lype-|
Seesaw:

B —1 gl
m, = —mD3X5MR5X5mD3X5

- Two complex zeros

mA) =

b
C
d

>~ O Q
oo o

Two-zero textures
[P. H. Frampton, et al. '02],
[P. O. Ludl, et al. ’11,
D. Meloni et al. ‘14]

These textures:
Consistent with experimental data.
Allows both mass orderings (NO, 10).
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DM Phenomenology

Numerical scan using MicrOMEGAS (c. selanger, e a1 05 OVEer a 13
dim. CP conserving potential (10 real couplings and 3 -
terms) constraining the parameter region.

Constrains

Vacuum stabillity:

)\1 + )\2 -+ 3 ()\4 -+ )\6 -+ min{—2)\8, 0})

A1 > 0, Aoy > 0, .
. : +3(Ag + A5 + min{—2|A7], 0}) = 6 (IAg| +[X10]) > 0.

Potential perturbativity:

N, < V4, 0.5 < tan(f) = b < 50.
Un
Experimental bounds to0 mMasSesS: (a. rierce etal. 07, E. Lundstrom et al 03]

M+ > 70GeV, Mg, , > 110GeV.

N2 3
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Intermediate & high mass region (Mw s Mn2 = 500 GeV):

h, N1, Ao Ne™, A
NN — W+W-, Z/Z

INn progress

Measured relic Direct Detection (Spin Independent
Cross section per nucleon) LuX
collab. '15], XeﬂOﬂ [XenoniT collab. '12].

Indirect Detection (gamma ray)

Ferm”at [M. Ackermann et al.’15], HeSS [Hess collab, den8|ty, Plaan [Planck
A Collab.’15]



Conclusions

Interesting Neutrino and DM phenomenology arises from
an A, flavour symmetric model, broken by a flavon ¢ into a

/.
Three RH neutrinos (Z2 even) are responsible for giving
mass to the light neutrino (via type | seesaw).

Light neutrino mass and mixing in agreement with the
experimental data and both neutrino mass orderings (NO,
10).

Correlation between 623 and the sum of the lightest neutrino
masses Is obtained.

Lower bound for neutrinoless double beta decay effective
Mass, |Mee|.

DM (relic density) constrains parameter region. But more
statistic Is needed.



Dziekuje.

/dzen’ku.je/

(Thank you.)



Backup

Flavour Symmetry Breaking of A4 into Z2 by
choosing the vev alignments:

(HY =wvp, 20, (n)) =0, #0, (n33)=0, (p1)=0vy#0, (¢2,3) =0.

he Majorana neutrino mass matrix:

((M; 0 0 v ve Y3'vg
0 M yMu, O 0
Mr=| 0 Moy, M; 0O 0
Yo Ve 0 0 Mo 0
\yNvg 0 0 0 0 )



Backup

The Dirac Neutrino mass matrix:

Model A o
S B
mp = = | Y2y
Y3 Un
Model B
Y1 v
B [
mp = = | Y2y

1%
Y3 Un

o O

-

o O O

o O

Yy Uh,
0
0

Y4 Uh
0
0

0
0

Yr Up,

0

Ys U,
0



Backup

* Light neutrinos get Majorana masses (type | see-

B 1 T
SaW), my, = _mD3x5MR5X5mD3x5

Model A a 0 b
m,(/A) =10 0 ¢
b ¢ d
where
0 — Wivn)”® B YIUSUnUn _ Y YiUEUL
Moy yN v yN My 7
v _ vV N v 2 1% 2 v _ vV
c— Y2UsUnvh g W ¥svn)”  Wsvn) My o Ysys vnvn
ys ve (y3')2 Mo (i vg)? Yz Ve

48



Backup

e Model B
a b 0
mB =1b d ¢
O ¢ O
where
g — Wive)® b YIYEUnUR _ Y2 VYUV
- My  yN g yN My
v _ v N v 2 v 2 v _ v
c— YsUstnUn g _ (W2 ysvn)” _ (Wsvn)" My | o Y2¥5UnVn
yNvg (ya')2 M, (Y5 vg)? yNove

e These mass matrices has the two zero textures: Bs for
model A and B4 for model B.



Backup

Model B (Two zero texture Ba)

16 band IH |

HEIDELBERG-MOSCOW

GERDA-II / EXO-200

—_
<

--------------------------------------------------------------------

| Mee | [€V]

—
o
o

1o band NH |

0.05 0.10 0.15 0.20 0.25 0.30 103 102 10-1

Planck + WMAF
+ highL+ BAO
KATRIN
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