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Flavoured scotogenic: £(81)

. Scotogenic framework: by Ernest Ma

. Neutrino masses come at the 1-loop level. The lightest
particle running in the loop is stabilized by a 72 symmetry.

e promote the /2 symmetry to a non-Abelian group
(81).
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https://arxiv.org/abs/hep-ph/0601225

2(81) group
. Why 2(81)¢
. Nice property: some representations form a close seft
under the group tensor products. We call these ‘visible
representations’ (as opposed to ‘dark representations’)
Visjble representations: {1ij, 3p, §D},
1i_j X 3D(3D_) o 3D_(3D);
3p(3p) X 3p(3p) = 3p(3p),
3p(3p) X 3p(3p) = 1;;
Closed set

Dark representations: {34,34, 35,35, 3¢, 3¢},

Not a closed set




DM stability

Non-abelian version of the stability mechanism shown in
Lightest dark sector parficle is stable.

| 3aB.c Ly 3p
-l--‘f'-.,r' .1-*313' under ¥(81) {  under X(81)
under ¥(81) i

DM

3a.5.c
under 2(81)

DM — 3;1,5.43'

. Not the only group with this property

. Additional features: SM in triplets, leads to strong predictions in mixing angles,
neutrino masses and vOee. No need of extra symmetries or flavons.



https://arxiv.org/abs/1812.01599

The UV complete model

Fields SU(3)c x SU(2)L, x U(1)y >(81)
<[ L (1,2,—1/2) 3D
§% R (1,1,-1) 3D
1 H (1,2,1/2) 30
%‘ Nr r (1,1,0) 34
E 7 (1,2,1/2) 3.4

0 (1,2,1/2) 34

. SMis visible, new particles are dark sector. Lightest is DM.
. No new SSB scalar apart from the Higgs doublet.
. Flavoured 3HDM




Charged lepton masses

. SM mechanism + flavour

3
LY = Yy LilgH;
1=1

+ Yy (E1€R3H2 + Lolg, Hs + f/3€RgH1)
—+ YSE (I_/lngHg + E2€R3Hl —+ E3€R1Hg)
+ h.c.,

. Yol Yy v3 Yy 02
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. Scotogenic mechanism

Neutrino masses

(+ flavour). No need of ‘ad hoc’

Z, stabilizing symmetry: flavour does it for you.

= My (N, Ng, + No,Ng, + N, Ng,)
+ Y)Y (LiNgym + LaNg, 12 + L3Ng, 13)
+ Yy (LiNp,¢2 + LaNp, 3 + L3Ny, b1)
+ h.c..

(H,y ,rJi£ 1 '”1”11 ) 4+ (ff]!}l](ffgmyl + {H{J’;D{H.}UU

(Hin))(Hadl) + (Hind)(Hséb) + (Hond ) (Hso!)



https://arxiv.org/abs/hep-ph/0601225

Neutrino masses

. There is a clear pattern in both mass matrices: flavour predictions!

. The diagonaless neutrino texture is NOT a prediction of X(81). We
could generate them by adding different triplets to the model. But in
is setup the Os are symmetry protected.
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Neutrino mass scale
. Consider a diagonal-less Majorana neutrino mass maftrix

0 a b
A=1la 0 ¢, witha, b ceC
b ¢ 0

U'AU = my = diagonal(m, mo, ms)

. /MDiagonalized as usual as FATAT = m2,

. We can compute the fraces of ATA and (ATA)

and nofid o v e
L NO — — mg = =mq  +my o,
1 rrl-liﬁlll'ﬂﬁt ~ 21‘8 X lD EV L my’ =mi° + mi° .

2 T IO A T5x 1074 eV

’I’ﬂ_ ].lgl:ll-{—"l'tl ] ) Nheaviest




Mixing predictions

. I NO is assumed, a strong but ruled out correlation
between 6,3 and 6,5 appears. The model is not
compatible with NO!
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Mixing predictions
. If instead we take 1O we find a number of predictions:
. 8,43 and 08,5 can be fitted (no predictive pattern)

. Strong correlation 8, Vs é.p. 30 tension if we believe §.p
measurements, but best fit 6., it we allow §.p ~ . Testable
prediction! Stay tuned to Nova/T2K results (see Mariam’s
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CP Violating phases

. Strong correlation between the three

. Only 6.5 Is constrained by oscillation experiments
. But ¢, and ¢,5 are relevant for vlee
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Neutrinoless double beta decay

Ordering Is predicted
Absolute neutrino scale is predicted
Majorana phases are correlated

Strong prediction for vOee!
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Conclusions

. Minimal model:
. Scotogenic field content
. Mulfipurpose 2(81) symmetry does all: DM stabiltiy & flavour

. Strong flavour predictions:
. Inverted Ordering

. Neutrino mass myjgn, = 107* eV

. Testable correlation between 6;, and 6.p
. Correlations between CPV phases
. Im,.| = 0.018 eV

Thank you for your attention!




Backup: Neutrino mass scale

. Consider a diagonal-less Majorana neutrino mass maftrix

0 a b
A=1la 0 ¢, witha, b ceC
b ¢ 0

Tr(ATA) = 2(laf® + [b]* + [¢[*) = mT + m3 + m3,
Tr [(ATA)?] = 2(la* + |b]* + |¢|*)® = m] + m3 +m3 .

2 — (417, - 2
m3 = (m1 £ mz) my @ = mY° +m)O,

1O [O + 'FH-;O ..

Tr(A'A)® = Tr [(A14)

1
§ E m; = TMheaviest
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Back up: Sigma(81)

2 = 1
_ 5 X 3p (k,
=3p+3p+3p, 3p
5 3p X 3p =
3p(3p) =3p(3p), .
Lika) X 3D

.;I: a L
2 e !}2)1{.‘::2]
e +u2"$3y1+“ 1
k ) @ (z2y3
2k poys + whesys (k.0
f]. g LL" "'2!
@ | y2 - 2k ;. Y3 + W Tal Lik,1)
L2 I k=0,1,2 $(j:3y2—|—w 14
Y3 35
T3 3D r3Y2
Ia2ys3 ’
iy @ | r1y3
; n & | z311
1 = | Z2y2 y r2Y1/ 5
” X | y2 r1Y2/
T2 . xr3ys 3,
Y3
rs3 3p 3p
Ty
(0 ’
al — w"‘l'il/'Z
2| e 2%k ... _
(i’:)l(k-(” @ | v2 wzkll/?f 3(3)p
Y3 3(3)p
TrYys
. = | wkzy
Q | yo oF ~
(@14 ® | ¥ w?* xys 3(3)p
Y3 3(3)p
TYo
= = | wkzys
Q | yo 1 - N
(-"l")l(k.z) 2 J wzk.l-yl 3(3)p
Y3 3(3)p



Back up: other scoto groups

S4: doublets and singlet in visible reps, triplets in dark
reps visible reps, triplete en dark rep @

T': triplets and singlets in visible reps, doublets in dark

a(18) doublets and singlets in visible reps, more
ublets in dark reps @

Sigma(32) and Sigma(50) Complicated but visible
doublets. X



