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Brsm (u — ey) ~ O (107°*), Brexy (4 — ey) < 4.2x 1071
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Inverse seesaw
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Scotogenic neutrino masses with GCU

| Field [ SUGB). | sU@L | UMx | UMn | Q | Mp=(-1B 02>
aw | 3 3 o | 0 | (33N ey
L 3 3 1 Z (5. -33)7 (++-)7
e |3 1 i +
d 3 1 _1 1 1 "
aR 3 3 3
v |3 1 i | -
b | 3 S I T - -
Lot 1 3 -1 -2 (0,-1,0)7 (++-)7
€ar 1 1 -1 -1 —1 +
ViR 1 1 0 —4 0 —
V3R 1 1 0 5 0 +
01 0 - -+
Qa1 1 8 0 0 -1 0 -1 - -+
01 0 + + -
U] 1 3 -3 3 (0,-1,07 (++-)7
P 1 3 3 3 (1,01)7 (++-)7
X 1 3 -3 -3 (0,-1,0)7 (==+H7
¢ 1 1 0 2 0 +
- 1 1 0 1 0 -

Table: 3311 model field content (a =1,2,3 and / = 1,2 are family indices).
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Figure: Feynman-loop diagram contributing to the light active Majorana neutrino
mass matrix.

In the limit where the trilinear scalar interactions ¢'o? and (5t x)o are
absent, the model Lagrangian has an accidental U(1) symmetry under
which ¢ and ¢ have the same charge whereas the remaining fields are

neutral under this symmetry.
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The gauged B — L symmetry is spontaneously broken leaving a discrete
remnant symmetry Mp = (—1)3(B-0)+2s,

) = 007 (p)= 5007, ()=00w"
1
@) = A {0)=0 3)

We assume w, A, > vq, v», such that the SSB pattern of the model is
SUBB)exSUB) x U(1)x x U(1)y
I w, A
SUB)e xSU(2); x U(1)y x Mp
v, v
SUB)c x U(1)g x Mp. (4)
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Figure: Viable mass regions where the field @2 of the simplified model described
in the text behaves as a dark matter candidate. The red regions correspond to
the current direct detection limits The blue regions represent values of the
effective coupling Aqg where the corresponding relic density is incompatible with
the Planck measurement.

For the case of fermionic DM candidate, one has:

o 2 MQ 2 MQ 2
SoveR (150GeV> <3TeV> ~ <3TeV> Pb. ()
0.1pb
Qpuh® = ——, 6
bm <ov> (6)
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Figure: Left) Unification scale My as a function of the 3-3-1-1 symmetry breaking
scale M, for three benchmark choices Mg = My (solid curve), Mg = 3Mx
(dashed curve) and Mg = 10Mx (dot-dashed curve). (Right) An example of
SU(3) x SU(3)L x U(1)x x U(1)y unification for a phenomenologically
accessible 3-3-1-1 symmetry breaking scale Mx = 10 TeV and Mg = 3Mx = 30

TeV.
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Scotogenic three-loop neutrino mass model

| Field | au [ur | dr | o | e [Ne o[ n [ o] p | C 0]
SUB)c| 3|33 |1 |1 |1 |11 |1]1]1]1
SU@R)L |l 2|1 2 1|1 |2/ 2|1]1]1]1
Uy | 3 [ 3|5 -3[-1[o[5[ 5 [o]o]o]o
vy | 31313 |-3|/-3]ojo[3|3|-1]0]%
7, 11| 1|11 |-1]1|-1|-1]-1|-1|1

Table: Particle charge assignments under the
SUB)c@SUR2), @ U(1)y @ U(1) @ Zy symmetry. Here i =1, 2, 3 and
k=1,2.
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Figure: Scotogenic loop for light active neutrino masses where £ = 1, 2 and

«, B =e, u, T. The scalar quartic coupling (4;*11)2 arises at two-loop level.

In the limit where the trilinear scalar interaction A [(17+¢)g9 + H.c.] is
absent, the model Lagrangian has an accidental U(1)x symmetry under
which the inert SU(2), scalar doublet # has charge —1 and the charges of
the left and right leptonic fields are equal to 1, while the remaining fields

are neutral.
Antonio Enrique Carcamo Hernandez (UTFSI Radiative neutrino masses. 01/16 17 /25



300 300
200 2 200 2
> >
[} [
S S
E“ 100 Et 100
| |
é §
g o g o
me,=1TeV me,=2TeV
1005 2 4 6 8 10 1004 2 4 6 8 10
my+ [TeV] my+ [TeV]

Figure: The 1-0 and 2-¢ regions in the mg, — My + Versus m + plane allowed by
the fit of the oblique S, T and U parameters including the CDF measurement of
the W mass. In the left (right) panel the mass of the neutral scalar ®; is

mg, = 1 TeV (mg, = 2 TeV). In both cases, the mixing angle is fixed at

0y = 0.2.
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Figure: Parameter space in the My+ — Zig plane consistent with the charged lepton
flavor violation limits. The colored regions are allowed by the current constraints.
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Conclusions

@ Dark matter stability can arise from a residual matter-parity
symmetry.

@ Leptonic SU(3), octets allow GCU and one loop scotogenic neutrino
generation. DM can also be accounted for.

@ Tiny active neutrino masses can be generated at three loop level
within a minimal extended IDM.

@ The minimal extended IDM acommodates oblique parameter
constraints, W mass anomaly and leads to CLFV processes within the
reach of the future experimental sensitivity.
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Parameters Scanned ranges
9R [0, 27'(]
A1g [0.01, 1]
MNg, My+, M5, Mz;53, [500, 10000] GeV

Table: Scanned parameter ranges.
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0o 0.2 0.2
0z 0.3 0.3
oL 0.1 0.1
my: [GeV] 1500 1700
mg, [GeV] 1600 1765
mg, [GeV] 1000 2000
mp, [GeV] 8954.5 4246.9 5040.0 3450.7
mg, [GeV] 8130.4 2925.0 8244.0 3282.9
msz, [GeV] 14525 4748.5 2431.6 1815.4
mz, [GeV] 8932.4 2763.1 6392.1 3637.6
mz, [GeV] 7127.2 9336.4 1296.0 1458.4
Ma 0.729 0.726 0.363 0.504
7% 0.124 0.346 —0.009 0.639
vs? —0.253 0.389 0.154 0.152
vt 0.746 0.220 —0.313 0.031
w2 —0.307 —0.272 0.312 —0.440
vt 0.705 —0.335 —0.400 —0.183
2 0.207 0.225 0.043 0.475
BR(u — ey) | 2730 x 1073 9.170 x 1074 | 1.428 x 10713 3.452 x 10713
BR(pu — eee) | 3.686 x 10713 1.933 x 10713 | 9.799 x 107* 6.997 x 10713
BR(p — e, Au) | 2.392 x 10715 1,599 x 10716 | 2.816 x 10716 2.122 x 10716
Mee [MeV] 3.67 48.36 3.67 48.36
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