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We consider an extension of the Standard Model involving two new scalar particles around the TeV scale: 
a singlet neutral scalar φ, to be eventually identified as the Dark Matter candidate, plus a doubly charged 
SU (2)L singlet scalar, S++, that can be the source for the non-vanishing neutrino masses and mixings. 
Assuming an unbroken Z2 symmetry in the scalar sector, under which only the additional neutral scalar 
φ is odd, we write the most general (renormalizable) scalar potential. The model may be regarded as a 
possible extension of the conventional Higgs portal Dark Matter scenario which also accounts for neutrino 
mass and mixing. This framework cannot completely explain the observed positron excess. However a 
softening of the discrepancy observed in conventional Higgs portal framework can be obtained, especially 
when the scale of new physics responsible for generating neutrino masses and lepton number violating 
processes is around 2 TeV.
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1. Introduction

The present ensemble of data from accelerators experiment 
seems to firmly confirm all the Standard Model (SM) ingredients to 
high level of accuracy, including the presence of a relatively light 
scalar boson (so-called “Higgs” for short) [1,2].

There are, however, few experimental indications that there 
should be some type of new physics beyond the SM one. The most 
clear indication of the need of some new kind of matter, namely 
the Dark Matter (DM), derives from cosmological and astrophysical 
observations. Assuming the WIMP ansatz, the amount of measured 
DM density is consistent with the existence of a weakly interacting 
particle with a mass around the TeV scale.

On the other side, several theoretical features of the SM still 
need to be elucidated, like for example the stability of the Higgs 
mass, the so called “hierarchy problem”, or the presence of ex-
tremely different parameters describing the masses and mixings of 
the SM fermions, dubbed often as the “flavour problem”.

Following the idea that the fermion mass structures could arise 
from a symmetry principle, flavour symmetries have been intro-
duced, both in the context of the SM and its extensions. Many 
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different examples have been proposed in the literature based on 
a large variety of symmetries: either abelian on non-abelian, lo-
cal or global, continuous or discrete [3]. Despite of all these at-
tempts, however, it seems unlikely that the same mechanism could 
be responsible to generate at the same time charged and neutral 
fermion masses. However the unique possibility of having Majo-
rana masses for the neutrinos, associated with the exceedingly 
small values of the neutrino masses, could be responsible for the 
differences observed in the neutrino flavour sector.

The see-saw mechanism [4], where heavy right-handed neutri-
nos with large Majorana masses are responsible for small effec-
tive left-handed neutrino masses, is notoriously difficult to directly 
test. Other mechanisms for generating neutrino masses include 
R-parity violating supersymmetry [5], Higgs triplet models [6–8], 
or loop models involving additional Higgs doublets and singlets 
(e.g. [9–11]). All these models can be tested experimentally (for 
a review of these different mechanisms see for example [12], and 
[13] for a very systematic study). In particular, such settings can 
yield very interesting connections between lepton number vio-
lating physics and collider phenomenology [14–16], especially if 
doubly charged scalars are involved (as in the Higgs triplet case 
[17,18]).

In this paper we shall focus on a particularly economical loop 
model of Majorana neutrino mass and mixing [19], in which the 
low energy effective theory involves just one extra new particle: 
a doubly charged EW singlet scalar S (denoting both S++ and its 
 under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
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antiparticle S−−). It is already known that such a model can lead 
to an interesting complementarity between low energy charged 
lepton flavour violation processes, and high energy collider physics, 
depending on whether the doubly charged scalar S appears as a 
virtual or real particle [20]. However such a model cannot account 
for DM, since the doubly charged scalar S decays promptly into 
either pairs of like-sign charged leptons or W bosons. Here we 
shall extend the model slightly by introducing an additional neu-
tral scalar φ and assume an unbroken Z2 symmetry in the scalar 
sector, under which only the additional neutral scalar φ is odd, 
which then becomes a stable DM candidate. The model may be re-
garded as an extension of the so-called Higgs portal scenario [30], 
in the presence of a doubly charged scalar which accounts for neu-
trino mass and mixing. The resulting framework presented here, 
involving both S and φ, then merges two apparently unrelated 
features: the existence of a new physics sector at the TeV scale, 
providing naturally small neutrino masses, and the existence of a 
good DM candidate.

The layout of the remainder of the paper is as follows. In sec-
tion 2 we review the effective model proposed and studied in [19,
20] involving just one extra particle, the doubly charged scalar S . 
In section 3 we extend this model by introducing an additional 
neutral scalar φ, and discuss the resulting scalar potential of the 
model involving the Higgs doublet H , the doubly charged scalar 
S and the neutral scalar φ. We then go on to calculate the relic 
abundance of the DM particles φ and their prospects for direct 
and indirect detection. Section 4 concludes the paper.

2. The effective model with a doubly charged scalar

In this section we review the effective Lagrangian model pre-
sented in [19], in which the SM is extended by adding one 
new scalar particle: a complex SU (2)L singlet, hypercharge Y = 2
(hence electric charge Q = 2) state S++ and its antiparticle S−− , 
both doubly charged and denoted in the following as S and S† re-
spectively.

The doubly charged scalar field S has an effective coupling to 
the SM W ± bosons as well as to same-sign right-handed charged 
SM leptons, giving rise to a rich phenomenology. In addition to 
contributing to flavour violating leptonic processes, to leptonic 
dipole moments and to leptonic radiative decays, the scalar S al-
lows a 2-loop diagram which is responsible for providing all mass 
(and mixings) to neutrinos. It is shown in [19] that the lowest 
mass dimension at which the vertex SW W can be realised is by 
effective operators of dimension d = 7. The relevant operator, in 
the unitary gauge, for the generation of neutrino masses is:

LSW W = − g2ξ v4

4�3

(
S W μWμ + h.c.

)
(2.1)

being ξ an order O(1) dimensionless parameter and � the new 
physics scale above which the effective theory breaks. The coupling 
of S to same-sign RH leptons is given by

LSll = fab S† l̄a P Llcb + h.c. (2.2)

with fab dimensionless parameters. There are strong experimen-
tal constraints on the fab parameter space, basically due to the 
flavour violating couplings of the charged scalar S with leptons, 
the strongest bound proceeding from μ → eγ and μ → 3e. A de-
tailed analysis of these bounds can be found in [19,20,23].

The simultaneous presence of the SW W and Sll vertices gen-
erate a 2-loop contribution to the neutrino masses, that schemati-
cally can be written as

M2-loop
ν = 2 ξ fab(1 + δab)

ma mb m2
S

3
Ĩ(mW ,mS ,μ) (2.3)
�

where mS is the S particle mass, mi is the mass of the li lepton, δab
is the Kronecker delta and Ĩ(mW , mS , μ) is the two loop integral 
calculated in [19].

Apart from the usual contribution to 0νββ due to massive 
neutrinos in presence of a lepton number violating interaction, 
this model also produce an additional non-standard contribu-
tion to it, since the doubly charged scalar S can couple both to 
W −W − and e−e− . Taking into account the newest GERDA results 
of T 0νββ

1/2 (Ge) > 2.1 · 1025 at 90% C.L., [24], one obtains

ξ fee

M2
S�

3
<

4.0 · 10−3

TeV5
. (2.4)

In general it is not an easy task to fulfil all the flavour/dipole 
bounds and obtain a realistic description for neutrino masses and 
mixing compatible with the 0νββ decay bounds. In [19] a de-
tailed analysis has been performed that highlighted the presence 
of three typical regions where this may happen, hereafter denoted 
as “Benchmark Scenarios”:

1. Benchmark Scenario A: fee � 0 and feτ � 0. In this region 
the additional contribution to the 0νββ essentially vanishes. 
A normal hierarchy between the neutrino masses with the 
lightest one around 5 meV is obtained;

2. Benchmark Scenario B: fee � 0 and feμ � −( f ∗
μτ / f ∗

μμ) feτ . In 
this region one still has a vanishing additional contribution 
to the 0νββ and a normal ordered neutrino masses with the 
lightest one around 5 meV. However the constraint relating 
feμ and feτ makes this scenario more predictive (falsifiable) 
in what concerns lepton flavour violation;

3. Benchmark Scenario C: feμ � −( f ∗
μτ / f ∗

μμ) feτ . In this region 
one can assume large values for the fee coupling. However not 
to enter in conflict with the GERDA limit on 0νββ of Eq. (2.4)
one has to push the cutoff scale � to several TeV, not a desir-
able thing from the collider phenomenology point of view.

For the analysis presented in the following sections we will use 
the best fit benchmark point for each of the three scenarios re-
ported by [19]:

1. Benchmark Point A: mS = 164.5 GeV, � = 905.9 GeV, ξ =
5.02;

2. Benchmark Point B: mS = 364.6 GeV, � = 2505.1 GeV, ξ =
6.38;

3. Benchmark Point C: mS = 626.0 GeV, � = 5094.7 GeV, ξ =
3.39.

3. Higgs portal DM with a doubly charged scalar

In order to account for DM, we now introduce a further parti-
cle into the scheme of the previous section, namely an electrically 
neutral real scalar φ. An unbroken Z2 symmetry is assumed, un-
der which the field φ is odd, while all the other particles are even. 
The motivation of such a setup is twofold: firstly, as already dis-
cussed, the presence of an extra doubly charged scalar can provide 
an economical mechanism for triggering light neutrino masses and 
mixing [19–22]. Secondly, the new neutral scalar can account for 
DM. Possible UV completions of this model could be pursued along 
the lines of [21,22]. Here we shall not try to construct an ultravi-
olet complete model, but continue to consider the effective theory 
below the cut-off �, where the theory has a rather minimal par-
ticle content, with the goal of understanding DM in this extended 
model. In particular, we shall discuss how the presence of an ex-
tended scalar sector can potentially modify the limits and the pre-
dictions obtained in the standard DM Higgs portal scenario [30]. In 
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Fig. 1. Allowed parameter space, in the (mφ, λφH ) plane, for which the DM relic abundance reproduces the observed value, �DMh2 = 0.1198 [60]. The four plots correspond 
to four different values of mS = 250, 500, 750, 1000 GeV, respectively. In each plot several choices for λφS are shown. (For interpretation of the colours in this figure, the 
reader is referred to the web version of this article.)
this section we study the DM signatures of the effective Lagrangian 
model described in the previous section.

The most general (renormalizable) scalar potential for the 
model at hand is given by

V = μ2|H† H| + λ|H† H|2 + 1

2
μ2

φφ2

+ 1

4
λφφ4 + μ2

S S† S + λS(S† S)2 +

+ 1

2
λφHφ2 |H† H| + λS H (S† S) |H† H| + 1

2
λφSφ

2 (S† S) (3.1)

where H is the usual SM Higgs doublet, S the doubly charged 
scalar and φ the additional neutral scalar, odd under the unbro-
ken Z2 symmetry, that will play eventually the role of stable DM. 
In addition to the SM Higgs sector parameters, μ and λ, compat-
ibly with the assumption of an unbroken Z2 symmetry, one can 
introduce seven additional dimensionless parameters: a quadratic 
and a quartic self-interacting couplings, respectively for the neutral 
and charged exotic scalars, plus three parameters associated to the 
quartic mixings between all the neutral and charged scalars. We 
assume that the ElectroWeak Symmetry Breaking (EWSB) is asso-
ciated exclusively to the Higgs sector, i.e. μ2 < 0 is assumed while 
μ2

φ, μ2
S > 0 are considered. The masses of the exotic scalars, then, 

read

m2
φ ≡ μ2

φ + 1

2
λφH v2 , m2

S ≡ μ2
S + 1

2
λS H v2 (3.2)

It is interesting to compare the predictions of this model with 
the ones of the minimal Higgs portal DM, which is described by 
the potential of Eq. (3.1) once the doubly charged scalar is de-
coupled from the theory, i.e. mS � mH , mφ or by setting λφS =
0 = λS H .1 The phenomenology of such a minimal Higgs portal DM 

1 Notice, however, that the decoupling limit is only approximately reached by 
setting one of the tree level parameters, for example λφS , to zero, while keeping 
the other two finite. In fact in this case one can generate a one-loop contribution 
to λφS through the λφH and λS H vertices. We will come back later on this point.
model has been extensively studied in [25–38,42–51,56]. Here we 
are interested in how the presence of the doubly charged scalar 
can affect Higgs portal DM.

3.1. Relic abundance

In order to obtain the DM relic abundance one has to solve the 
following Boltzman equation:

dY

dT
=

√
π g∗(T )

45
M P 〈σ v〉

(
Y (T )2 − Yeq(T )2

)
(3.3)

where Y (T ) is the DM abundance, Yeq(T ) is the equilibrium ther-
mal abundance, g∗ is the effective number of degrees of freedom, 
M P is the Planck mass and 〈σ v〉 is the thermally averaged anni-
hilation cross section, which must include all relevant annihilation 
processes:

〈σ v〉 =
∞∫

4m2
φ

s
√

s − 4m2
φ K1(

√
s/T )σ vrel

16T m4
φ K 2

2 (mφ/T )
ds (3.4)

where K1 and K2 are modified Bessel functions of the second 
kind. The present DM abundance, Y (T0), is obtained by integrat-
ing Eq. (3.3) down to the today temperature T0. Then, the DM relic 
density is

�DMh2 = 2.74 × 108 mφ

GeV
Y (T0) . (3.5)

We computed these quantities using the publicly available version 
of micrOMEGAs [57,58].

In Fig. 1 we plot the allowed parameter space in the (mφ, λφH ) 
plane for which the DM relic abundance coincides with the ob-
served value, �DMh2 = 0.1198 [60]. The four plots correspond to 
four different values of mS = 250, 500, 750, 1000 GeV, respectively. 
In each plot of Fig. 1, the full black curve represents the Higgs 
portal case (i.e. λφS = 0 = λS H ). Then, for each plot the dashed, 
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dot-dashed, dotted and dot–dot-dashed curve are obtained for rep-
resentative choices of λφS , which value is shown in the legenda. 
There is no significative dependence from the chosen value of λS H , 
which has been conventionally taken λS H = 1.2

When the DM particle, φ, is lighter than the doubly charged 
scalar, S , the process φφ → S S† is not efficient, and the relic abun-
dance results as in the pure Higgs portal case, i.e. via the pair φφ

annihilating into an off-shell Higgs scalar mediating the processes 
φφ → W +W −, Z Z , H H, tt̄ or at tree level into a pair of Higgs 
scalars. We’ll refer collectively to these processes as φφ → S M .

The same happens when mφ � mS . However, in the intermedi-
ate region, mφ ≈ mS , the process φφ → S S† becomes efficient and, 
accordingly, λφH needs to be suppressed, depending on the cho-
sen value for λφS , in order to reproduce the correct amount of DM 
relic density. In particular, for large enough λφS and for specific 
values of the mφ mass all the relic abundance can be produced ex-
clusively via the coupling λφS , with λφH approaching zero. This is 
why the dot–dot-dashed (brown) curve exists only in the “small” 
and “large” mφ region. For such values of λφS , in the intermediate 
mφ range, DM is overproduced, and the set of parameter chosen 
is not allowed. This fact can be clearly seen in the mS = 750 GeV
(lower-left) plot: for λφS = 0.6 and 850 � mφ � 1150 GeV one can 
never reproduce the correct amount of DM density.

A comment is in order regarding the possibility of setting 
λφH = 0. In the framework at hand, λφH can receive loop contri-
butions, through diagrams involving λφS and λS H couplings. It can 
be shown that, for a temperature T > mφ/20, 〈σ v〉 (and therefore 
λφH ) doesn’t have an impact on Y (T ), since for those tempera-
tures the DM abundance is equal to the equilibrium abundance, 
Y (T ) = Yeq(T ). When T ∼ mφ/20, the DM particle freezes-out, 
and the relic abundance depends indeed on 〈σ v〉. As a conclu-
sion, the typical energies in which the loop is relevant is when 
p2 ∼ (mφ/20)2. Setting the renormalization scale at 2mS , at one 
loop one obtains:

λren
φH � λφH + 1

16π2
λφSλS H log

mφ

40mS
(3.6)

As typically the loop contribution is few 10−3, one cannot extrap-
olate the tree level analysis to values of λφH below few 10−3. In 
plotting our results we always work with λφH ≥ 0.005.

All these comments are clearly summarised in Fig. 2 where the 
parameter space which yields the correct relic abundance, in the 
(λφS , λφH) plane, is shown for mS = 500 GeV. The light-red re-
gion summarises the region, allowed by relic density data, for the 
relevant couplings of our DM model. Inside the filled region for 
definiteness we have also shown few dashed lines for various mφ

values. For mφ ≤ mS one typically spans the lower-left region of 
the parameter space, while for mφ ≥ mS one spans the upper and 
the right part of the filled area. In particular, we clearly see the 
existence of a critical value: λcrit

φS = 0.357 for this specific mS case. 
For λφS ≤ λcrit

φS it is always possible to find values for λφH and λφS

in order to satisfy the relic abundance bound, independently of 
the mφ mass. In fact one always cross all different colours dashed 
lines. For λφS ≥ λcrit

φS , only for specific ranges of mφ one can find a 
solution.

It should be noted that the annihilation of two DM particles, 
φ, moving at non-relativistic velocities could be enhanced due to 
the Sommerfeld effect [39,40]. In our case, this effect can only be 
mediated by a t-channel Higgs exchange. However, it was shown 

2 On the one hand, since the φφ annihilation occurs almost at rest, mS > mH in 
all the considered scenarios, the H → S S† decay is not relevant. On the other hand, 
the contributions coming from S S† → H are suppressed by a loop factor.
Fig. 2. Allowed parameter space in the (λφS , λφH) plane for mS = 500 GeV and 
mφ ∈ (500, 1500) GeV. The value for mφ = 250 GeV is shown in order to illustrate 
the fact that, for mφ below mS , the coupling λφS has no impact. (For interpretation 
of the colours in this figure, the reader is referred to the web version of this article.)

Fig. 3. Allowed parameter space in the (λφH , mφ ) plane for four different mS values 
(mS = 250, 500, 750, 1000 GeV). Dashed and dot-dashed black lines represent the 
exclusion limits from direct detection by LUX and (the prediction for) XENON 1T, 
respectively.

in [41] that such an enhancement is relevant only for mφ > 2 TeV, 
which is outside the range of masses considered in the present 
analysis.

3.2. Direct detection

Direct detection experiments can significantly constrain the al-
lowed parameter space for DM models. Experiments like LUX [61]
and XENON [62,63] can detect the DM particle scattering with 
the nucleons of the detector material, which in the both cases is 
Xenon. In our model, as well as in the pure Higgs portal case, this 
interaction mainly occurs via exchange of a Higgs scalar. The spin-
independent cross-section is given by

σS I = f 2
Nμ2m2

N

4πm4
Hm2

φ

λ2
φH (3.7)

with mN the nucleon mass, μ = mφmN/(mφ +mN ) the DM-nucleon 
reduced mass and f N ∼ 0.3 ± 0.03 the hadron matrix element [51,
54,55]. In Fig. 3 we show the limits in the plane (λφH , mφ ) from 
the current constraints of LUX (dashed black line) and the pre-
dicted sensitivity of XENON 1T (dot dashed black line). Both the 
pure Higgs portal and our model can escape the LUX limit. How-
ever, while the Higgs portal scenario will be for sure inside the 
XENON 1T sensitivity region, our model can for all considered val-
ues of mS , ranging from 250 GeV and 1000 GeV, escape the direct 



I.M. Hierro et al. / Physics Letters B 769 (2017) 121–128 125
detection (even taking into account the uncertainty of O(10%) in 
the determination of f N ). As explicitly shown in Figs. 1 and 2, the 
presence of the new coupling λφS can allow values for λφH below 
XENON 1T sensitivity. This feature is almost independent from the 
chosen mφ and mS values, in the ≈ 1 TeV region.

3.3. Indirect detection

The DM particles in the galaxy can annihilate and yield several 
indirect signatures, such as positrons, antiprotons and photons. The 
detection of these cosmic rays is one of the most promising ways 
to identify DM existence [64–68]. We will focus here in particular 
in the observed spectrum of positrons and antiprotons. The pro-
duction rate of these particles at a position �x with an energy E is 
usually expressed as [59]

Q a(�x, E) = 1

2
〈σ v〉

(
ρ(�x)
mφ

)2

fa(E) (3.8)

where σ v is defined in Eq. (3.4), ρ(�x) is the DM density and 
fa(E) = dNa/dE is the energy distribution of the species a pro-
duced in a single annihilation event.

The region of diffusion of cosmic rays is represented by a disk 
of thickness 2L � (2–30) kpc and radius R � 20 kpc. The galac-
tic disk is modelled as an infinitely thin disk lying in the middle 
with half-width h = 100 pc and radius R . The charged particles, 
generated from DM annihilation, propagate in a turbulent regime 
through the strong galactic magnetic field and are deflected by its 
irregularities. Monte Carlo simulations show that this motion can 
be described by an energy dependent diffusion term K (E). On top 
of that, these particles can lose their energy via inverse Compton 
scattering on interstellar medium, through Coulomb scattering or 
adiabatically. This energy loss rate is denoted by b(E). Furthermore 
these particles can be wiped away by galactic convection, with a 
velocity V C � (5–15) km/s [67]. Finally, one has also to account 
for the annihilation rate �ann induced by the interaction of the 
charged particles with ordinary matter in the galactic disk. Tak-
ing into account all these effects, the equation that describes the 
evolution of the energy distribution of charged particles reads:

∂

∂z
(V C ψa) − ∇ · (K (E)∇ψa) − ∂

∂ E
(b(E)ψa) − 2hδ(z)�annψa

= Q a(�x, E) (3.9)

where z is the height in cylindrical coordinates adapted to the 
disk diffusion model, ψa = dn/dE is the number density of par-
ticles per unit volume and energy. We use the default settings 
of micrOMEGAS [59] to numerically evaluate the propagation of 
positrons and antiprotons that originate from DM annihilation.

3.3.1. Positrons
The energy spectrum of positrons originated from DM annihi-

lation is obtained by solving the diffusion-loss equation keeping 
only the two dominant contributions: space diffusion and energy 
losses,

−∇ · (K (E)∇ψe+) − ∂

∂ E
(b(E)ψe+) = Q e+(x, E) (3.10)

In addition to the e+ flux from the DM decay, there exists a sec-
ondary positron flux from interactions between cosmic rays and 
nuclei in the interstellar medium. This positron background �bg

e+
can be well approximated as [69,70]

�
bg
e+(E) = 4.5 · 10−4 E0.7

2.3 4.2
[GeV−1 m−2 s−1 sr−1] (3.11)
1 + 650E + 1500E
In order to have a better understanding of the φφ annihilation 
rates we plot the relevant branching ratios in Fig. 4 using the mi-
crOMEGAs tool.

In the left column of Fig. 5 we show the positron flux as func-
tion of the positron energy, for the three benchmark points men-
tioned in Section 2. In each of the three left plots, the dashed (or-
ange) line represents the expected background of Eq. (3.11), while 
the dot-dashed (black) line is the prediction for the Higgs portal 
case. The (blue and red) continuous lines represent our model ex-
pectations for two different choices of parameters, reported in each 
plot legenda, which give the correct relic abundance.

The Higgs portal prediction is always at least two orders 
of magnitude below the astrophysical positron background. For 
the set of parameters defining Benchmark Point A, the expected 
positron flux almost coincides with the Higgs portal scenario one. 
This is due to the fact that for such values of mφ and mS , the 
φφ → S S† channel is still suppressed compared to the usual φφ →
S M one. Moreover, for this Benchmark Point the S coupling to 
electrons and positrons fee ≈ 0. For Benchmark Point B (middle left 
plot) the φφ → S S† channel becomes more effective compared to 
the φφ → S M one, suppressed by the large mφ mass. Still one has 
fee ≈ 0, the dominant S decays being in W W and eτ (see [19]). 
This result in a positron flux two or three times higher than in the 
Higgs Portal scenario. Finally, for Benchmark Point C (lower left 
plot) the φφ → S S† channel becomes dominant. Moreover, in this 
case one has sizeable fee , letting S mostly decays in positrons. In 
this region of the parameter space, our model positron flux is one 
order if magnitude higher compared with the standard Higgs Por-
tal scenario, even if still one order below the expected background.

3.3.2. Antiprotons
The propagation of antiprotons originated from DM annihila-

tion, neglecting the energy loss term, can be described as [71]

−K p̄∇2ψp̄ + V C
∂

∂z
ψp̄ + 2hδ(z)�annψp̄ = Q p̄(x, E) (3.12)

The astrophysical antiproton background �
bg
p̄ can be written as 

[72]

�
bg
p̄ = 0.9E−0.9

14 + 30E−1.85 + 0.08E2.3
[GeV−1 m−2 s−1 sr−1] (3.13)

The plots on the right column of Fig. 5 show that, as in the 
positron case, the antiproton flux predicted in the Higgs portal sce-
nario (dot-dashed black line) is roughly two orders of magnitude 
below the astrophysical background (dashed orange curve).

The doubly charged particle has a largest branching fraction to 
W s in Benchmark Point A than in the rest of cases [19]. Thus, even 
if in this region of parameter space the φφ → S M process still 
dominates, the flux of antiprotons for E ≤ 200 GeV is higher than 
the one predicted in the Higgs Portal case. However, for Benchmark
Points B and C, where the S scalar decays mostly to leptons (eτ
and ee, respectively), the increasing relevance of the φφ → S S†

process makes the p̄ flux smaller than the corresponding Higgs 
Portal case for the same mφ mass (compare the black and red lines 
in middle and bottom left plots of Fig. 5, respectively for mφ =
450 GeV and mφ = 750 GeV).

In our model one can obtain a larger flux by increasing the 
φ mass. For example for Benchmark Point C (bottom left plot in 
Fig. 5), one can obtain a rather larger contribution to the antipro-
ton flux selecting mφ = 1000 GeV, but still one order of magnitude 
smaller than the expected p̄ background.

3.3.3. Photons
The possibility of indirect detection via photons deserves a 

comment. The continuum spectrum of photons isn’t expected to 
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Fig. 4. Branching ratios for φφ to annihilate into various states versus the DM mass with mS = 250 GeV. The value of λφH is fixed so that the relic density matches the 
observed value. In each plot several choices for λφS are shown. The black curves correspond to the pure Higgs portal predictions.
change significantly from the Higgs portal scenario, analogously to 
the positrons and antiprotons case. Therefore, most of the analy-
sis done in [51] would apply as well to our model. Moreover, also 
the gamma rays excess in the continuum spectrum from the Galac-
tic Centre, claimed by Fermi-LAT, cannot be explained in the Higgs 
portal scenario [51]. Since the relevant region points at a mass of 
around 50 GeV, the introduction of an heavy doubly charged S
scalar would not significantly change this conclusion.

A more interesting phenomenological aspect would be the pro-
duction of monochromatic gamma-ray lines and their observa-
tion/exclusion by Fermi-LAT experiment. Since the DM candidate is 
neutral, the production of a monochromatic gamma-ray line must 
be loop-mediated. The φφ → γ γ annihilation process mediated by 
a doubly charged S loop has been studied in [52], trying to explain 
the 130 GeV gamma-ray line [53]. In order to reach the observed 
sensitivity the author of [52] has to enhance the φφ → γ γ cross 
section by considering S embedded in a multiplet of an additional 
SU (N) strong symmetry. This leads to an NC dependence of the 
amplitude. For λφS ∼ O(1) and mS ∼ 250 GeV one needs NC ∼ 9
to reach the observed rate. In our scenario we don’t have a similar 
enhancement.

4. Conclusions

In this letter we have considered an extension of the Standard 
Model involving two new scalar particles around the TeV scale: 
a singlet neutral scalar φ, that plays the role of the Dark Matter 
candidate plus a doubly charged SU (2)L singlet scalar, S++ , that is 
the source for the non-vanishing neutrino masses and mixings. In 
this framework, besides being able to explain naturally the small-
ness of neutrino masses with the new physics at the TeV scale, it 
could be possible to identify DM scenarios which extend the con-
ventional Higgs portal one. We have studied the allowed parameter 
space for our model, compatible with the present DM relic den-
sity. Moreover we have identified possible signatures from direct 
and indirect DM detection experiments. In general our results in-
dicate that it would is possible, within our framework, to evade 
XENON 1T exclusion limits for a significant region of the param-
eter space. However, we also show that, even if the positron and 
antiproton flux, originating from DM annihilation, is higher than 
the standard Higgs portal one, it is still about an order of magni-
tude lower then the observed background.

In conclusion, our model may be regarded as an extension 
of the minimal Higgs portal DM scenario with a doubly charged 
scalar which can account for neutrino mass and mixing. The pres-
ence of the doubly charged scalar S introduces a new portal cou-
pling of the DM particle φ to S , namely λφS , in addition to the 
usual Higgs portal coupling of φ to the Higgs doublet H , λφH . The 
new portal coupling λφS becomes important when mφ exceeds mS , 
since then it allows the DM particle to annihilate into pairs of dou-
bly charged scalars, as an alternative to the usual DM annihilation 
into Higgs pairs. This in turn reduces the coupling λφH , consis-
tent with the desired relic density, making DM harder to detect by 
direct detection experiments.
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Fig. 5. Predicted positron (left column plots) and antiproton (right column plots) fluxes for the chosen benchmark points A, B and C respectively. (For interpretation of the 
colours in this figure, the reader is referred to the web version of this article.)
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