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Abstract
In this talk, we reexamine the minimal Singlet + Triplet Scotogenic Model, where dark matter is the medi-
ator of neutrino mass generation. We assume it to be a scalar WIMP, whose stability follows from the same
Z, symmetry that leads to the radiative origin of neutrino masses. We performed a full numerical analysis
of the signatures expected at dark matter as well as collider experiments.
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1. THE SINGLET + TRIPLET SCOTOGENIC MODEL

This generalization of the scotogenic model [1] was proposed in [2] and further studied in several papers, e.g. [3, 4]. In this talk we
summarise the study carried on in [5], to which we refer for more details.

In this scenario, an additional discrete Z, symmetry has the
role to make the lightest Z5-odd or “dark” particle stable

and to ensure the radiative generation of neutrino masses. Standard Model new fermions new scalars
The SM particle content is extended by the inclusion of a L e ¢ z F Ui Q

Majorana fermion triplet ¥ and a Majorana fermion sin- Generations 3 3 1 1 1 1 1
glet F, both odd under the Z, symmetry. Additionally, the SU3)c 1 1 1 1 1 1 1
model includes a new scalar doublet # — odd under the SUU((12))L 21 12 ? g (1) f 8
Z, symmetry, which does not acquire a vacuum expecta- ZZY + N N B "
tion value (VEV) — and a triplet scalar (2, which allows for L 1 1 0 0 0 Kl 0

the mixing of the neutral parts of the new fermions. Table 1
summarises the full particle content of the model, detail-
ing the corresponding charge assignment under the differ-
ent symmetry groups. Taking into account the new fields
and symmetries of the model, the relevant terms of the La-
grangian read

TABLE 1: Particle content and quantum numbers of the Singlet
+ Triplet Scotogenic Model. The charge assignments of the fields
under the global Lepton Number symmetry (L) are also shown.
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where 7j = ioon*. The first Yukawa term Y*f is the SM interaction for leptons, which we can assume to be diagonal in flavour
(Greek indices stand for family indices). The scalar potential V invariant under the SU(2) xU(1) X Z, symmetry is

Vv = —mé¢*¢+m§q*n—m—fm (Q*Q)
B RO R (00) ()< (o) 00) + 5 [(9)+ (010) ] oot
- Fwo)n(or0)+ 4 [m(o0) + F () v (o). .

where we make the conservative assumption that mé, m% and mé are all positive, so that the spontaneous electroweak symmetry
breaking will be driven by ¢ and (sub-dominantly) by the neutral component of (), while # cannot acquire a VEV. The couplings
in Eq. 2 must comply with some conditions [5] in order to ensure that V is consistently bounded from below at the electroweak
scale. However, the running of the RGEs may still lead to the breaking of the Z; symmetry at some higher energy scale. Moreover
we require that the scalar quartic couplings in Eq. 2 are < 1 so that the expansion of the potential V around its minimum is
perturbatively valid. Because of the conservation of the Z; symmetry, the Z;-odd scalar field # does not mix with any other

scalar. In terms of its CP-even and CP-odd components the 7 field is: 7° = WL\/%”’) The physical masses of the neutral 7 field are:
m%m) = m% +3(As+ A+ (—))\5)1)57 + %A?vé - %yzvg. The difference m%R — m%l depends only on the parameter A5 which is

also responsible for the smallness of neutrino masses. The lightest of the two eigenstates g ; a viable dark matter (DM) candidate.
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2. PHENOMENOLOGY OF SCALAR SCOTOGENIC DARK MATTER

We assume the Z;-odd scalar 5z to be the DM candidate and we investigate its phenomenology in full detail.

—
e

2.1. Relic density

We show in Fig. 1 the expected DM relic abundance as a
function of the mass of the scalar DM candidate #g. The
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narrow black band depicts the 3¢ range for cold DM de- 10"
rived by the Planck satellite data [6]. Only for solutions

falling exactly in this band (cyan points) the totality of DM N 1072
can be explained by #r. Blue points refer to solutions where & I

nr would be subdominant, and another DM candidate
would be required. Grey points are excluded by a variety
of constraints [5]. Dark grey points are solutions in conflict
with the current limit on WIMP-nucleon spin-independent
(SI) elastic scattering cross section set by XENONT1T [7].
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2.2. Direct detection 10 10
my, [GeV]

The tree-level SI r-nucleon interaction cross section is me-
diated through the Higgs and the Z portals. Since the # dou-
blet has non-zero hypercharge, the 77 - nucleon interaction
through the Z boson would in general exceed the current
constraints from direct detection experiments. Nevertheless, in most solutions, A5 induces a mass splitting between the CP-odd
partner #; and g such that the interaction through the Z boson is kinematically forbidden, or leads to inelastic scattering. The #g-
nucleon interaction via the Higgs is therefore dominant in most of the parameter space. As a consequence, the coupling between
g and the Higgs boson (which depends on the sum A3 + A4 + A5 and on v, pp and /\,]Q) turns out to be the relevant quantity con-
trolling both this cross section and the signals at LHC. We show in Fig. 2 the SI 7g-nucleon elastic scattering cross section weighted

FIGURE 1: Relic abundance Qy, h? as a function of the ;g mass.

by ¢ = %, versus the 7 mass.

The extended particle content characteristic of the Singlet
+ Triplet Scotogenic Model in principle allows for a viable
scalar DM candidate in a wider region of masses, compared

-44
10 to the simplest Scotogenic [1] or Inert Higgs Doublet mod-
10745 els [9, 10, 11]. Nevertheless, because of current experimen-

& e tal constraints, most of the new allowed solutions account-

E, 10 ing for the totality of DM lie in a tight vertical region around

31077 myz ~ 500 — 600 GeV. Lighter 5 lead to viable DM, al-
un

though they would require the existence of an additional
DM candidate. Compared to the 7g DM phenomenology
in the simple Scotogenic Model [1], the presence of a scalar
triplet in the Singlet + Triplet Scotogenic Model slightly
changes the interaction of ng with the Higgs boson. As
a consequence, both its Higgs-mediated annihilation cross
Mg [GeV] section as well as the yr-nucleon interaction cross section
contain a term dependent on y; and on vq). This is nonethe-
less weighted by the (small) mixing between h9 and H. As
a result, the yg DM phenomenology turns out to be very
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FIGURE 2: SI ng-nucleon elastic scattering cross section versus
the g mass. Colour code as in Fig 1. The dark green line denotes e .
the most recent upper bound from XENONIT [7]. The dashed or- Sl?l}af in both mgdels. dT?e real afdvant}z?ge Olf the dSlr}géft
ange line corresponds to the “neutrino floor” from coherent elas- + Triplet Scotogenic Model comes from the enlarged viable

tic neutrino-nucleus scattering, while the green dot-dashed one parameter space, especially at low #7g masses, as it avoids
stands for the projected sensitivity for LZ [8]. the unwanted spontaneous breaking of the Z, parity sym-
metry [3].

2.3. Indirect detection

If #r annihilates into SM products with a cross section near the thermal relic benchmark value, it may be detected indirectly. Among
its annihilation products, <y rays are probably the best messengers since they proceed almost unaffected during their propagation,
thus carrying both spectral and spatial information. We consider prospects of detecting <y rays from #r annihilations by considering
the continuum spectrum up to the ;g mass. We assume annihilations into bb, "7~ and WHW™ to compare with current limits
set by the Fermi Large Area Telescope (LAT) satellite [12] and HESS telescope [13]. Points in light red are solutions with relic
abundance falling exactly within the 3¢ band measured by Planck. In the same figure we also show the 95% C.L. upper limits
currently set by the Fermi-LAT with -ray observations of Milky Way dwarf spheroidal satellite galaxies (dSphs) based on 6 years
of data processed with the Pass 8 event-level analysis [12]. Moreover we show as a red dot-dashed curve the current upper limit
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obtained by H.E.S.S. using Galactic Center (GC) v-ray data accumulated over 10 years [13], assuming a WT W~ channel and an
Einasto DM density profile. Finally, we also depict sensitivity projections for Fermi-LAT from a stacked analysis of 60 dSphs and
15 years of data, in the bb channel [14] (dashed orange) and for CTA, for the Milky way galactic halo target, Wr W™ channel and
an Einasto DM density profile [15]. Although current limits lie a couple of orders of magnitude above the predicted signals in this
model, future data from Fermi-LAT and CTA offer promising prospects, eventually allowing one to test part of the parameter space
both in the low (~ 70 GeV) and in the high (2 500 GeV) mass regions.

3. SUMMARY AND CONCLUSIONS

In this talk we have reexamined the generalised version of
the minimal Singlet + Triplet Scotogenic Model, in which
DM emerges naturally as the mediator of neutrino mass
generation and its stability follows from the same Z; sym-
metry also responsible for the radiative origin of neutrino
masses. Notice that, while the simplest model of Ma [1]
fails to be consistent over a wide range of parameters, this
generalised scotogenic model is the minimal one allowing
for a conserved Z; symmetry all the way up to high mass
scales [3]. We have assumed the DM to be a scalar WIMP
and we have presented a detailed numerical analysis of
the signatures expected at DM detectors. We have identi-
fied the regions of parameters where DM predictions are
in agreement with theoretical and experimental constraints,
such as those coming from neutrino oscillation data, Higgs
data, DM relic abundance and direct detection searches. We
have also presented expectations for near future direct and
indirect detection experiments. These will further probe the
parameter space of our scenario. Finally, we refer the reader
to Ref. [5] for more results concerning collider signatures
associated to the mono-jet channel at the LHC.
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FIGURE 3: Predicted #r annihilation cross section into v rays
— weighted by the relative abundance — for annihilations to bb
(orange), Tt 1~ (dark cyan) and WTW™ (dark and light red) fi-
nal states. The orange, dark cyan and dark red plain lines refer
to the corresponding 95% C.L. upper limits currently set by the
Fermi-LAT with «y-ray observations of dSphs [12]. The dark red
dot-dashed curve is the current upper limit obtained by H.E.S.S.
using GC data [13]. We also compare with sensitivity projections
for Fermi-LAT (bb, 60 dSphs and 15 years of data) [14] and for
CTA (GC, WTW™) [15]. See text for more details.
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