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In this study, we propose the interpretation of a 650 GeV excess observed at the Large Hadron
Collider (LHC) by the CMS Collaboration in terms of the production of a CP-odd (or pseudoscalar)
Higgs boson A, with mass around 650 GeV, decaying into the Standard Model (SM)-like Higgs
state h125 (in turn decaying into γγ) and a Z boson (in turn decaying into bb̄), within a 3-Higgs
Doublet Model (3HDM) featuring two active and one inert doublet, known as the I(1+2)HDM. This
theoretical structure features a spectrum with both the SM-like Higgs boson (with a 125 GeV mass)
and a lighter CP-even (or scalar) Higgs state with mass around 95 GeV, h95, which is present in this
scenario for the purpose of simultaneously explaining anomalies seen in the bb̄, γγ and τ+τ− final
states in searches for additional light Higgs states at the Large Electron-Positron (LEP) collider
and LHC itself. It should be noted that, in the I(1+2)HDM, the inert sector presents loop-induced
enhancements to the h95 → γγ width via inert charged Higgs states, providing a viable mechanism
to explain, in particular, the observed (and most significant) di-photon excess at 95 GeV. Taking
into account both experimental and theoretical constraints, our results can not only explain the
aforementioned anomalies (possibly, aside from the τ+τ−, which is the most marginal one) but
also predict, as collateral signals, resonant production of the same CP-odd scalar A followed by the
decays: (i) A → h95 Z, leading to the same γγbb̄ final state displaying the original 650 GeV anomaly
and (ii) A → tt̄, leading to a well-known and studied signature. Both of these signals are potentially
explorable at Run 3 of the LHC and most possibly so at the High-Luminosity LHC (HL-LHC), while
being consistent with current data at a significance level of 2.5σ.

I. INTRODUCTION

The discovery of a Higgs boson with a mass of 125 GeV
by the ATLAS [1] and CMS [2] Collaborations marked
a triumph for the Standard Model (SM) of particle
physics and has opened the door to precision Higgs
physics, while at the same time motivating searches for
additional (psudo)scalar states Beyond the SM (BSM).
Intriguingly, several experimental hints of BSM physics
have emerged in recent years, notably, a local excess near
95 GeV in the bb̄ channel at the Large Electron-Positron
(LEP) collider as extracted by all Collaborations therein
(ALEPH, DELPHI, L3, and OPAL) [3–5] plus in the γγ
and τ+τ− decay modes at the LHC as seen by CMS
[6, 7] and ATLAS [8][9]. Recently, a CMS search has
further reported an excess in events featuring a di-photon
and a bottom quark pair (i.e., a γγbb̄ final state), which
could indicate a heavier resonance X with a mass of
approximately 650 GeV decaying into a secondary object
Y with a mass in the range of 90–100 GeV and the SM-
like Higgs boson. Such an anomaly was observed with a
local excess of 3.8σ and the best-fit value given for the
cross section of this excess γγbb̄ final state was as follows

[10]:

σ(pp → X650 → h125Y → γγbb̄) = 0.333+0.17
−0.13 (fb). (1)

Such anomalies, although not yet conclusive in terms
of significance individually, taken together, actually
stand out as compelling candidates for new phenomena,
and their collective persistence motivates the search for
theoretical frameworks that can simultaneously explain
them all.
Extensive theoretical work has been devoted to

explaining the observed excesses around 95 GeV. These
include non-supersymmetric models such as the 2-Higgs
Doublet Model (2HDM) [11–14], its singlet (Next-
to-2HDM (N2HDM)) and triplet extensions [15–20],
the Georgi-Machacek (GM) model [21–23], the 3HDM
containing one inert doublet (or I(1+2)HDM) [24] as
well as supersymmetric frameworks such as the Next-
to-Minimal Supersymmetric SM (NMSSM) [5, 25–31]
and the so-called µνSSM [32]. Meanwhile, the anomaly
observed around 650 GeV has also attracted attention
and has been investigated within some BSM scenarios,
including the NMSSM [33] and 2HDM [34].
In this paper, we examine yet another possibility to

explain the 650 GeV anomaly, by using as a theoretical
scenario the one of [24]: i.e., the I(1+2)HDM. In fact, in
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doing so, we seek simultaneously a solution to the 95 GeV
anomalies. As seen in [24], the advantage of this BSM
framework is that it provides an additional inert charged
(pseudo)scalar pair which enhances the one-loop decay
into two photons of the lightest CP-even Higgs state, h95,
thereby relieving the tension existing in the 2HDM Type-
I when attempting to maximise simultaneously the bb̄, γγ
and τ+τ− decay rates [14]. In fact, the I(1+2)HDM that
we use here is of Type-I, just like in Ref. [24]. Herein, we
assume that the X650 is the pseudoscalar Higgs state,
A, with a mass of 650 GeV, decaying into the SM-
like Higgs boson h125 and a Z boson, followed by the
subsequent decays h125 → γγ and Z → bb̄, respectively.
In particular, we are suggesting that the observed bb̄ pair
originates from a Z boson decay, which would then take
the place of the corresponding decay of the lightest Higgs
boson with a mass around 95 GeV (the one used in the
NMSSM explanation), indeed, like in Ref. [34].

Notice that this interpretation is well motivated. In
fact, although the CMS analysis [10] originally models
the excess as a decay X650 → h125Y95, with Y95 being
a spin-0 state, at

√
s = mA ≃ 650 GeV, where

m2
Z/s ≪ 1, the equivalence theorem ensures that the

psudoscalar polarisation of the Z boson behaves like the
corresponding neutral Goldstone mode, with deviations
suppressed by O(m2

Z/s) ≲ 2%. Hence, also considering
the limited mass resolution of bb̄ pairs, of some 10 GeV
or so, and the fact that none of the selection cuts used by
CMS has a marked spin dependence, it is conceivable that
the Z boson of the SM is behind the 95 GeV component
of the 650 GeV anomaly.

Additionally, while assuming this excess, one should
bear in mind that the τ+τ−bb̄ channel serves as a valuable
complementary probe of the same underlying dynamics.
Notably, CMS has performed a dedicated search for
heavy resonances in this final state, setting a 95%
Confidence Limit (CL) upper limit of approximately 3 fb
on the cross section σ(pp → X650 → τ+τ−bb̄) [35], which
would then constrain the pp → A → h125Z(or Zh125Z →
τ+τ−bb̄ processes in our I(I+2)HDM. We have thus
verified that the parameter space of the I(1+2)HDM,
providing the illustrated explanation to all discussed
anomalies, is also compliant with the aforementioned
limit. The generated parameter space points were
further tested against the most recent CMS upper
limits on the cross section for the process pp →
Y (→ τ+τ−)H(→ γγ) [36] and these were found to
constrain significantly the I(1+2)HDM parameter space
(see below). Further bearing in mind [37] alongside [36],
the following production and decay patterns were also
subject to scrutiny: pp → h125(→ bb̄)Y (→ γγ) and
pp → h125(→ τ+τ−)Y (→ γγ). However, given that for
our solution we have Y ≡ Z [38], the (non-resonant)
transition Z∗ → γγ is highly suppressed because of the

Landau-Yang theorem [39, 40] (note also Ref. [41]), the
corresponding experimental limits quoted by CMS are
irrelevant to our theoretical scenario (so we ignore these
in the remainder).
Finally, in order to test our theoretical hypothesis,

we also make predictions for two additional processes
that would emerge over the same parameter space
of the I(1+2)HDM, explaining all the aforementioned
anomalies, both of which may be testable at the present
and/or future stages of the LHC. These are the channels
pp → A → h95 Z and pp → A → tt̄.
The layout of the paper is as follows. In Section II,

we briefly review the main features of the I(1+2)HDM,
along with the considered experimental and theoretical
constraints. In Section III we present our main results by
illustrating the correlations among Higgs boson masses
and production cross sections relevant to searches for
additional heavy resonances in various final states. In
the last section, we summarise our findings.

II. MODEL SETUP AND CONSTRAINTS

In this section, we outline the I(1+2)HDM model,
which includes a scalar Dark Matter (DM) candidate.
We begin with a recap of the scalar potential and
the theoretical and experimental constraints affecting it.
Next, we provide an analytical explanation for the γγbb̄
excess within this model framework.

A. I(1+2)HDM Basics

The I(1+2)HDM model is composed of two active
Higgs doublets and one inert doublet. The extension
of the SM adding only one extra Higgs doublet has
been widely studied, with the 2-Higgs-doublet model
(2HDM) being one of the most explored frameworks
for such an extension [42]. The I(1+2)HDM discussed
in Refs. [43, 44] and adopted here features a discrete
Z2 × Z′

2 symmetry, where the Z2 symmetry is enforced
upon the inert doublet, meaning that only the inert
field η transforms as η → −η, while the Higgs
doublets Φ1 and Φ2 remain unaffected. In addition
to this, a softly broken Z′

2 symmetry is implemented
for the active Higgs fields, following which Φ1 remains
unchanged whereas Φ2 undergoes the transformation
Φ2 → −Φ2. This specific symmetry breaking, as
suggested by the Paschos-Glashow-Weinberg theorem
[45], is crucial for suppressing Flavour Changing Neutral
Currents (FCNCs) at tree level, ensuring the consistency
of the model.
The scalar potential that remains invariant under

both the gauge group of the SM and the two discrete
symmetries introduced above is given as follows:
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V = −1

2

{
m2

11Φ
†
1Φ1 +m2

22Φ
†
2Φ2 +

[
m2

12Φ
†
1Φ2 + h.c.

]}
+

λ1

2
(Φ†

1Φ1)
2 +

λ2

2
(Φ†

2Φ2)
2

+ λ3(Φ
†
1Φ1)(Φ

†
2Φ2) + λ4(Φ

†
1Φ2)(Φ

†
2Φ1) +

1

2

[
λ5(Φ

†
1Φ2)

2 + h.c.
]

+m2
ηη

†η +
λη

2
(η†η)2 + λ1133(Φ

†
1Φ1)(η

†η) + λ2233(Φ
†
2Φ2)(η

†η)

+ λ1331(Φ
†
1η)(η

†Φ1) + λ2332(Φ
†
2η)(η

†Φ2) +
1

2

[
λ1313(Φ

†
1η)

2 + λ2323(Φ
†
2η)

2 + h.c.
]

(2)

where the λi’s denote the quartic coupling parameters
while m2

η, m
2
11, m

2
22 and m2

12 are the mass-squared terms.

The two active Higgs doublets and the inert doublet
under SU(2)L are parameterised as follows, respectively:

Φk =

(
ϕ±
k

(vk + ηk + izk)/
√
2

)
, η =

(
χ±

(χ+ iχa)/
√
2

)
.

(3)

Within this framework, v1 and v2 denote the Vacuum
Expectation Values (VEVs) associated with the neutral
components of the two active (pseudo)scalar doublets Φ1

and Φ2. These VEVs determine the dynamics of the
Spontaneous Electro-Weak Symmetry Breaking (EWSB)
mechanism of the model, giving mass to the gauge bosons
and fermions (as appropriate). The η scalar doublet,
however, remains inert due to the imposition of the
discrete Z2 symmetry. This symmetry prevents any
mixing between the (pseudo)scalar states of η and those
of Φ1 and Φ2, thus ensuring that η does not acquire a
VEV or contribute to EWSB in the same way as the
other doublets.

Consequently, the physical scalar spectrum arising
from the two active Higgs doublets in this model is similar
to the one in the pure 2HDM. This spectrum consists of
four distinct Higgs particles: h (neutral and CP-even),
H (neutral and CP-even), A (neutral and CP-odd) and
H± (charged with mixed CP), with masses mh,mH ,mA

and mH± , respectively [42, 46]. In what follows, we shall
refer to the lighter CP-even state with a 95 GeV mass,
h, as h95 and to the heavier CP-even H state with a
125 GeV mass as h125, the former being the candidate
to explain the corresponding data anomalies and latter
being identified with the SM-like Higgs boson observed
in experiments. Furthemore, the A state is the state that
we propose being behind the 650 GeV anomaly (hence,
it will have a mass around such a value).

As for the inert sector, the 1(1+2)HDM introduces
three additional scalar fields: χ, χa (which are neutral)
and χ± (which is charged). Furthermore, we adopt
the dark democracy approach of Refs. [47–50] in what
follows, in order to reduce the number of free parameters,
thus making the numerical analysis more tractable while
preserving the essential features of the I(1+2)HDM.
Consequently, by setting λa = λ1133 = λ2233, λb =
λ1331 = λ2332 and λc = λ1313 = λ2323, the inert squared

masses can be expressed as:

m2
χ± = m2

η +
1

2
λav

2,

m2
χ = m2

χ± +
1

2
(λb + λc)v

2,

m2
χa

= m2
χ± +

1

2
(λb − λc)v

2. (4)

Thus, the Higgs sector of the I(1+2)HDM is described
by 12 free parameters:

Σ = {mh, mA, mH , mH± , m2
12, tanβ, sin(β − α),

mχ, mχa
, mχ± , m2

η, λη }. (5)

Here, α denotes the rotation angle in the CP-even sector,
which governs the mixing between the CP-even neutral
Higgs states h and H whereas the parameter β (the
mixing angle for both CP-odd and charged sectors) is
defined as tanβ = v2/v1.

After enforcing the symmetries outlined above, the
most general Yukawa interactions in the I(1+2)HDM
resemble those of the 2HDM and the corresponding
Lagrangian is given by:

LYukawa = −QLYuΦ̃uuR −QLYdΦddR − LLYℓΦℓℓR + h.c.

⊃ −
∑

f=u,d,ℓ

[mf

v
κf
hffh+

mf

v
κf
HffH − i

mf

v
κf
Afγ5fA

]
,

where the Yf ’s (f = u, d or l) are 3× 3 Yukawa matrices

and Φ̃1,2 = iσ2Φ
∗
1,2, with σ2 being the Pauli matrix. In

Tab. I we list all the Type-I Yukawa reduced couplings

κf
h and κf

H of the CP-even Higgs bosons, h and H.

κu
h κd

h κℓ
h κu

H κd
H κℓ

H

cα/sβ cα/sβ cα/sβ sα/sβ sα/sβ sα/sβ

TABLE I. The I(1+2)HDM Type-I Yukawa couplings of the
neutral Higgs bosons h, H to the up-quarks, down-quarks and
leptons in the I(1+2)HDM, normalised by the corresponding
SM Yukawa couplings.
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B. Theoretical and Experimental Constraints

In our random parameter scan, we retained only those
points that are physically viable, i.e. consistent with
both theoretical and experimental requirements. Below
we provide a summary of the constraints applied to the
I(1+2)HDM Type-I (see [24] for more details):

• Theoretical Constraints

⋆ Perturbativity [44].

⋆ Unitarity [44].

⋆ Vacuum Stability [43].

• Experimental Constraints

⋆ Higgs boson signal strength measurements from the
LHC, implemented via HiggsSignals-3 [51].

⋆ Exclusion limits on non-SM-like Higgs bosons from
direct searches at LEP, the Tevatron, and LHC, as
implemented in HiggsBounds-6 [52].

⋆ Constraints on the invisible Higgs decay width (in
the presence of the inert sector), as automatically
included within HiggsTools [53].

⋆ EW precision tests from S, T and U parameters
[54], derived following the general result of [55, 56].

⋆ DM searches via micrOMEGAs [57].

⋆ Flavour constraints as evaluated using the public
SuperIso [58] program, specifically, several
Branching Ratios (BRs) have been checked:
BR(B → Xsγ) [59], BR(Bs → µ+µ−) [60–62],
BR(B → τν)[59], among others.

C. The γγbb̄ anomaly

Here we consider the scenario where the CP-odd scalar
A, with a mass around 650 GeV, decays via A → h125Z,
where the h125 subsequently decays as h125 → γγ, and
the Z boson decays as Z → bb̄. For the latter decay,
we have incorporated the effect of a lower cut on the
invariant mass of the Z decay products (mbb̄ > 70 GeV)
implemented in the CMS analysis of [10] through the
appropriate integration of the Breit-Wigner distribution
over the bb̄ final state. This interpretation choice is both
theoretically consistent and phenomenologically relevant.
On one hand, the original CMS analysis [10] modelled
the excess in terms of a decay of the form X650 →
h125Y , where Y denotes a generic spin-0 resonance.
On the other hand, their event selection does not rely
on spin or polarisation-sensitive observables. Instead,
it targets invariant mass reconstruction and global
event kinematics, yet, the phenomenological difference
between a pseudoscalar decay and that of a (dominant)

Parameter mh mH mA mH±

Scan Range [94, 97] 125.09 [600, 700] [90, 103]

Parameter m2
12 tanβ sβ−α

Scan Range [−103, 103] [0.5, 25] [−0.4, 0.1]

Parameter m2
η mχ,mχa ,mχ± λη

Scan Range [−105, 105] [90, 103] [7, 12]

TABLE II. The scan ranges of the I(1+2)HDM Type-I

parameters. (Mass (squared) are in GeV(2).)

longitudinal vector boson is expected to have minimal
impact on acceptance.
With all this in mind, we also explore other

possible channels that would manifest themselves
over the I(1+2)HDM parameter space explaining all
aforementioned anomalies, such as A → h95Z and A →
tt̄, which are indeed competitive with the decay A →
h125Z. In particular, we will demonstrate in the following
that there exist viable regions in parameter space where
the BRs for these two channels are substantial and
consistent with all current constraints.

III. RESULTS AND DISCUSSIONS

Following the previous discussion, we briefly
recapitulate the impact of the applied constraints
on the parameter space and present our interpretation
of the observed γγbb̄ excess within the I(1+2)HDM
Type-I. To this end, we perform a numerical scan over
the free parameters in Eq. (5), as summarised in Tab. II.
The resulting parameter points are subsequently tested
against theoretical conditions and experimental data
using a dedicated Python interface to the aforementioned
packages or own routines to test the most recent limits.
Hereafter, for convenience, we shall use the shorthand

notation for the relevant cross section: σγγbb̄ = σ(pp →
A → h125Z → γγbb̄). To start with, we found it
appropriate to show the possible dependencies of such an
observable on the model parameters. As can be seen from
Fig. 1 (top), a low tanβ ≤ 5 is necessary to accommodate
the σγγbb̄ value corresponding to the excess. Additionally,

the range of sin(β − α) that matches the γγbb̄ cross
section value up to −2.5σ is relatively wide, i.e., 0.27-
–0.47 (see Fig. 1 (middle)).
Regarding the bottom panel in Fig. 1, it shows that the

σγγbb̄ decreases withmA happens for phase space reasons,
so that larger values of mA require larger values of the
BR(h125 → γγ). Unambiguously, though, our analysis
indicates that the full mass range of mA between 600
and 700 GeV remains viable in order to account for the
observed excess.

In this connection, it should be noted here that
inert model parameters, while not explicitly entering the
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FIG. 1. The σγγbb̄ values as function of tanβ (top), sin(β − α)
(middle) and mA (bottom). The orange horizontal band
corresponds to the value of the γγbb̄ cross section consistent
with the experimental measurement within [−2.5σ, 0.5σ].

discussion, do affect the phenomenology of this process
indirectly, in particular, the charged inert Higgs bosons
with mass 100 ≤ mχ± ≤ 500 GeV alter the di-photon
decay width of the SM-like Higgs boson, ultimately
leading to σγγbb̄ value close to the measured one. At

the same time, they enter the h95 → γγ decay process,
enabling the I(1+2)HDM studied here to explain the 95
GeV excesses, as explained in [24].

We then show in Fig. 2 the correlations between
the predicted values for σγγbb̄ and the signal strengths
µγγ(h95) and µbb̄(h95), as defined in [24], of the lighter
CP-even Higgs boson h95, for different values of BR(A →
h95 Z), BR(A → h125 Z) and BR(A → tt̄) (ignoring the
signal strength µτ+τ−(h95), as the excess is here more
marginal in comparison).

The figure highlights the [−2.5σ, 0.5σ] horizontal
region in orange corresponding to the γγbb̄ anomaly (as in
Fig. 1) and, as a vertical band depicted in cyan, the range
of values of the µγγ (upper panel) and µbb̄ (lower panel)
excesses within ±1.5σ and ±1σ, respectively. From this
figure, it can be seen that it is in general quite difficult
to simultaneously accommodate the γγbb̄ excess with the
µγγ(h95) and µbb̄(h95) ones, but a non-zero overlapping
region nevertheless exists.

Quite interestingly, the points most compatible with
the CMS excess at 650 GeV lie within or near the
experimentally allowed regions, particularly in the low-to
moderate di-photon signal strength, i.e., µγγ(h95) ≲ 0.2,
see Fig. 2 (top frames), and remain consistent with the
µbb̄(h95) one at 1σ level, see Fig. 2 (lower frames). For
the values of BRs shown, the maximum value for σγγbb̄ ≈
0.096 fb is reached for BR(A → h95 Z) ≈ 79.16%,
BR(A → h125 Z) ≈ 10.57% and BR(A → tt̄) ≈ 9.86%.
Overall, we see that, for fixed µγγ(h95) and/or µbb̄(h95),
σγγbb̄ increases inversely with BR(A → h95 Z), revealing
that this decay mode dominates in the viable parameter
space, with the largest BRs observed where the signal
strengths µbb̄(h95) and µγγ(h95) remain consistent with
experimental bounds, so that this is the key probe of
the BSM scenario adopted here. Furthermore, notice
that BR(A → tt̄) is generally not negligible, so that
this channel may also be of relevance for testing the
viability of the I(1+2)HDMType-I against all the studied
datasets. All this is essentially exemplifying the fact that
the A → h125Z mode (i.e., the apparently anomalous
one) is not the only available channel for probing our
scenario, so the present 650 GeV anomaly may actually
be accompanied by others.

As a final point, and as already intimated, we note
that the CMS Collaboration has recently carried out a
dedicated analysis focusing on a possible heavy spin-
0 resonance X decaying into the SM-like Higgs boson
and a lighter object Y (again, potentially but not
necessarily a spin-0 one), with the distinctive final state
γγτ+τ− [36]. They studied in particular the mass
regions mX ≈ 650 GeV and mY ≈ 95 GeV and
found no significant excess. This search is thus relevant
for our case as it places stringent upper limits on the
production cross section times BR for the channel pp →
A → h125Z → γγτ+τ− in our model, ranging from
0.69 to 15 fb as a function of the X mass. We have
therefore accounted for this in our analysis. As shown in
Fig. 3, our predictions for this process, over the region
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FIG. 2. The scatter plots of the production cross section σγγbb̄, as a function of the signal strengths µγγ(h95) (top) and
µbb̄(h95) (bottom). The colour coding indicates one of the following BRs: BR(A → h95) (left), BR(A → h125Z) (middle) and
BR(A → tt̄) (rigtht). Furthermore, in orange(cyan) horizontal(vertical) band represents the measured value of σγγbb̄ (signal
strengths µγγ(h95) and µbb̄(h)).

FIG. 3. The σ(pp → X → HY → γγτ+τ−) values as function
of mX as obtained for the I(1+2)HDM points explaining the
650 and 95 GeV anomalies. Notice that, in such a scenario,
one has X = A, Y = Z and H = h125.

of I(1+2)HDM Type-I parameter space explaining the

650 and 95 GeV anomalies simultaneously, lie below the
current sensitivity lines, yet not exceedingly so. Hence,
while the γγτ+τ− final state remains unconstrained
presently in our model it also represents a promising
probe of the I(1+2)HDM Type-I for upcoming searches
at Run 3 and the HL-LHC [63].

IV. CONCLUSIONS

In this paper, we have tested the I(1+2)HDM Type-I
as a possible theoretical scenario explaining a variety of
anomalies that have recently appeared in experimental
data, which origin could well be in an extended Higgs
sector, with respect to the one embedded in the SM.
Specifically, excesses have been seen in the search for
new Higgs bosons with masses both below and above
the one of the SM-like Higgs stafe detected at the LHC
in 2012, with a mass of 125 GeV. In fact, anomalies
have appeared around 95 GeV in analyses targeting the
following processes: e+e− → Z → h95Z → bb̄ + jets)
at LEP and pp → h95 → γγ and τ+τ− at the LHC.
Furthermore, another quite significant excess has been
extracted at the LHC around 650 GeV, potentially
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emerging from the process pp → A650 → h125Z → γγbb̄.
All such production and decay channels are present in the
I(1+2)HDM and, over sizable regions of the parameter
space of such a BSM scenario, they can explain all
aforementioned excesses at approximately the 2σ C.L.
(possibly apart from the di-tau excess, which is quite
marginal, in fact). Crucially, this is made possible thanks
to the presence of additional charged inert (pseudo)scalar
states, a feature specific to our BSM setup (not existing,
e.g., in more conventional (N)2HDMs), as they enable a
perfect mapping of the 95 GeV anomaly in the di-photon
channel, the most constraining one by far amongst all the
discussed datasets.

In addition, alongside explaining existing anomalies,
hence, through a data analysis done a posteriori, we
have also proposed, over the parameter space of the
I(1+2)HDM accommodating the various excesses, two
collateral signals which should eventually appear in

data. These should then be considered as a priori
manifestations that one should expect for our theoretical
framework for it to be the one underpinning Nature. The
new signatures are the processes pp → A → h95Z and
pp → A → tt̄, which can be searched for in a variety
of final states. We thus encourage the experimental
Collaborations working at the current LHC and/or future
HL-LHC to test such predictions, which constitute the
hallmark manifestations of the I(1+2)HDM. For this
purpose, we will make available upon request all our data.
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