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Abstract. In the light of ongoing experimental search efforts for the dark matter and the post-Higgs Beyond the Standard Model
(BSM) null results at the Large Hadron Collider (LHC), the Electroweak sector demands to be investigated for possible new scalar
states discoverable at the LHC fulfilling the role of the dark matter. In this work we present a symmetric two Higgs doublet model
with a discrete interchange symmetry among the two Higgs doublets (Φ1 ↔ Φ2 ). Apart from the Standard Model (SM)-like scalar
state (h) with mh = 125 GeV, the model has several distinguishing features including the pseudoscalar (A), the charged scalars(H ± )
and the neutral scalar H, not having any direct coupling to the fermions. The neutral scalar H is assumed to have mass lighter than
the 125 GeV SM-like Higgs state h. Due to the presence of a residual Z2 symmetry after the spontaneous symmetry breaking
(SSB), the neutral scalar H can emerge as a viable dark matter candidate. We discuss the constraints on such scalar dark matter
from the current direct and indirect detection experiments. As a by-product of this construction, the SM-like scalar h ends up
having an extra invisible decay mode of h → HH in this model which can also influence the dark matter parameter space. We
discuss these model features in detail along with a guideline of relevant phenomenological searches at the LHC for this scenario.
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INTRODUCTION
With the discovery of a Higgs-like particle h with mass
mh around 125 GeV by the ATLAS and CMS experiments at the LHC [1, 2], an era of exploration in the
Electroweak sector had begun. With only this stand-alone
SM-like scalar state being observed and ongoing experimental searches for dark matter, it is even more vital
now to explore the scalar sector of different BSM scenarios in utmost detail to investigate the possibility of a
spectrum of additional scalar states fulfilling the role of
the dark matter. In this scenario, the simplest and well
motivated BSM extension to be considered are the TwoHiggs-Doublet Models (2HDM’s) [3], in which adding a
second SU(2)L higgs doublet leads to five physical scalar
particles: two neutral scalars h, H, pseudoscalar A and
charged-scalar H ± . Many versions of the 2HDMs have
been extensively studied in the past [4]. Some of the
notables include: (a) Supersymmetric two Higgs doublet
model [5], (b) Non-supersymmetric two Higgs doublet
models: (i) with only one Higgs doublet (conventionally
chosen to be Φ2 ) with couplings to the fermions (type
I 2HDM), (ii) with both Higgs doublets having VEVs,
additionally with one doublet (conventionally chosen to

be Φ2 ) coupling to the up type quarks only, while the
other (Φ1 ) coupling to the down type quarks only (type
II 2HDM),(iii) with one doublet(Φ2 ) coupling to the up
type quarks only and the other(Φ1 ) coupling to the down
type quarks only i.e just like type II 2HDM along with
RH leptons coupling to Φ2 (“flipped" model or type Y),
(iv) with RH quarks coupling to one Higgs doublet(Φ2 )
and RH leptons coupling to another Higgs doublet(Φ1 )
(“lepton-specific" or type X) and (v) with only one doublet with VEVs and couplings to the fermions(“Inert Doublet Model"(IDM)) [6]. Different variations of all these
models have attracted a lot of attention recently and were
investigated in view of the recent LHC data [7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21] In this work,
we present a symmetric two Higgs doublet model with a
discrete interchange symmetry (Φ1 ↔ Φ2 ) with several
distinguishing features:
(i) The neutral scalar h represents the Standard Model(SM)like Higgs with mass mh ≃ 125 GeV.
(ii) No flavor-changing neutral currents (FCNC) is present.
(iii) The other neutral scalar H can be lighter than the
SM-like neutral scalar state h and couples only to the
Electroweak Gauge Bosons (W ± and Z) but does not couple to fermions at all.
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(iv) The charged Higgs H ± and the pseudoscalar A don’t
couple to the fermions. H ± only couples to the gauge
bosons, the neutral scalar H and pseudoscalar A.
(v) The pseudoscalar only couples to the gauge bosons
and the charged scalar H ± but does not couple to either
the lighter and heavier neutral scalars (H and h).
(vi) At the LHC, the lighter scalar H can only be produced via the decays of the SM-like neutral scalar h. As
the lighter scalar H does not couple to the fermions at
all, the mass limit on H is significantly lower than the
mass limits coming from gluon-gluon fusion LHC data
for production of a generic scalar boson.
(vii) The charged Higgs H ± can be produced via the
Drell-Yan process. It will be quite elusive to discover it at
the LHC with the decay products of “2 W-boson + Miss
ET " in the final state.
(viii) After the Φ1 ↔ Φ2 interchange symmetry is spontaneously broken, there is a residual Z2 symmetry that
remains unbroken making the scalar states H ± , H and A
Z2 negative, while all other fields Z2 positive. Thus the
lightest Z2 negative particle (either H or A ) will be a
candidate for the dark matter in this scenario.
(ix) If the lightest scalar H is considered as the DM, the
decay channel h → HH will act as an extra invisible decay mode for the SM-like Higgs (mh ≃ 125 GeV) and a
bound in the parameter space of the effective coupling of
h and H and the mass of the lightest scalar mH can be
obtained from the invisible Higgs branching ratio bound
for the SM-like state: BRinvh < 26%.
(x) We also investigate the various bounds on the dark
matter parameter space; for example, bounds from Electroweak precision constraints and direct and Indirect detection are discussed.
(xi) The neutral Higgs H has a coupling HHZZ which can
lead to interesting decay process Z → Z ∗ HH → f f¯HH
and can be tested at the proposed e+ e− collider ILC. [22]
Below we present the Model and formalism, followed by
the phenomenological implications for this “Symmetric
two Higgs doublet model."
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where VΦ1 = VΦ2 = v/ 2 and v2 = VΦ21 + VΦ21 = (250)2
GeV where v is the vacuum expectation value (VEV) for
the Higgs field. The five physical scalar fields are h, H, A
and H ± which are respectively the two neutral scalars,
the psuedoscalar and the charged scalar. After the Φ1 ↔
Φ2 interchange symmetry is spontaneously broken, there
is a residual Z2 symmetry that remains unbroken. This
residual symmetry makes H ± , H and A acquire Z2 negative charges i.e H ± → −H ± ; H → −H ; A → −A while
all other fields are Z2 positive. As a result, the lightest
Z2 negative particle (either H or A) can be a suitable dark
matter candidate. The most general potential with this exchange symmetry of Φ1 ↔ Φ2 can be written as,
V = + m211 Φ†1 Φ1 + m222 Φ†2 Φ2

λ1  † 2
†
− m212 Φ†1 Φ2 − m∗2
Φ1 Φ1
12 Φ2 Φ1 +
2



λ2  † 2
+
Φ2 Φ2 + λ3 Φ†1 Φ1 Φ†2 Φ2
2


+ λ4 Φ†1 Φ2 Φ†2 Φ1
2 λ ∗ 
2
λ 
+ 5 Φ†1 Φ2 + 5 Φ†2 Φ1
2
 2 
†
+ λ6 Φ1 Φ1 Φ†1 Φ2



+ λ6∗ Φ†1 Φ1 Φ†2 Φ1



+ λ7 Φ†2 Φ2 Φ†1 Φ2



+ λ7∗ Φ†2 Φ2 Φ†2 Φ1

(4)

where due to the exchange symmetry of Φ1 ↔ Φ2 , we
take, 2
2
2
∗2
∗
∗
m11 = m22 , m12 = m12 , λ1 = λ2 , λ5 = λ5 , λ6 = λ7

so that we have total 8 parameters in the potential. Minimization of this potential gives us two solutions,
VΦ1 = VΦ2 ,

(5)

m211 + m212 +

THE MODEL AND FORMALISM
Our proposed model is based on the Standard Model
(SM) symmetry group SU(3)C × SU(2)L × U(1)Y with
the Higgs sector being extended minimally with two
Higgs doublets Φ1 and Φ2 . We consider a discrete interchange symmetry of Φ1 ↔ Φ2 with the condition of
VΦ1 = VΦ2 . Thus the proposed framework is named "A
symmetric two Higgs doublet model".
The vacuum expectation value’s (VEV) of these Higgs
doublets are summarized
 below:
 

1
1
0
0
hΦ1 i = √
, hΦ2 i = √
.
2 VΦ1
2 VΦ2

Φ2 =

(1)

λ1 (VΦ21 +VΦ22 +VΦ1 VΦ2 ) −
(λ3 + λ4 + λ5 )VΦ1 VΦ2 −

λ6 (VΦ21 +VΦ22 ) + 2λ6∗VΦ1 VΦ2 = 0

among which we choose
√ the first solution of minimization
i.e VΦ1 = VΦ2 = v/ 2 = 175 GeV. From the determination of the second derivatives of the potential V referred
in Eqn(4), the first minimization solution of Eqn(5) can
be taken as a local minima along with the following condition,
(λ1 + λ5 + 2[λ6∗ ]) ≥ 0

(6)

In this work, we consider
√ the first minimization solution
with VΦ1 = VΦ2 = v/ 2 = 175 GeV along with the con(2) dition stated in Eqn(6) above. With the above minimum,
the particle masses are given by,

In the unitary gauge, the two √doublets can!be written as,
2VΦ2 +
1
V H
Φ1 = √
2 h0 + i VΦ2 A +VΦ1
V
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g2 v2 2 (g2 + g′2 )v2
, mZ =
,
4
4
m2h = (λ3 + λ4 + λ5 − λ1 )v2 /2,

L ⊃ Dµ Φ1

m2w =
m2H

= 2m212 − [λ1 + λ3 + λ4 + λ5 + 2(λ6 + λ6∗ )]v2 /2,
m2A = 2m212 − [λ5 + λ6 + λ6∗ ]v2 ,
m2H ± = 2m212 − [λ4 + λ5 + λ6 + λ6∗ ]v2 ,

Dµ = ∂µ − ig
(7)

h = h0 cos(α ) + H 0 sin(α ),
(8)

where α = the scalar diagonalising angle = π/4. Also,
here tanβ = VΦ2 /VΦ1 = 1.
From the assumption that we take the neutral scalar H
to be lighter than the SM-like neutral scalar h and m2H <
m2h , we get a condition on the linear combination of the
parameters as below
m212 < [λ3 + λ4 + λ5 + λ6 + λ6∗ ]v2 /2

(9)

Now as the neutral scalar h is considered as the SM Higgslike state with mh ≃ 125 GeV, we get another condition on
the relevant parameters given by

+
+
+
−

Also, the potential must be bounded from below and the
corresponding vacuum stability conditions are given by,

±

mH + mA > mZ ,
(12)

If we now look at the Yukawa interaction Lagrangian relevant under our gauge symmetry as well as the discrete
interchange symmetry of Φ1 ↔ Φ2 given by,
L ⊃ fdΦ1 (u¯L , d¯L )dR Φ1
+ fuΦ1 (u¯L , d¯L )uR Φ̃1
+

(14)

Y
τa a
A − ig′ Bµ ,
2 µ
2

(15)
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√
2
m2Z
h0 + H 0
Zµ Zµ √
v
2
2
mw + − 0 2
W W ((h ) + (H 0 )2 )
v2 µ µ
m2Z
Zµ Zµ ((h0 )2 + (H 0 )2 )
2v2
g
H 0 − h0
(∂µ H ± )Wµ± √
2
2
H 0 − h0 ± ±
g
∂µ ( √
)Wµ H
2
2
ig
ig
(∂µ H ∓ )Wµ± A ± (∂µ A)Wµ± H ∓
2
2

(16)

Now with the definition of the mass eigenstates h and H
as stated in eqn(8) with α = the scalar diagonalizing angle
(11) = π/4 we get,

Note that these conditions are only valid for λ6 = λ7 = 0.
Furthermore, from the Large Electron-Positron Collider (LEP) experiment we have constraints on the Z
boson decay width and mass of the charged scalar (H ± )
[23] given by,
m±
H > 79.3GeV.

(D µ Φ2 ) ,

Lgauge ⊃ gmwWµ+Wµ−

−

√
√
4π > λ1 ≥ 0, 4π > λ2 ≥ 0,
p
p
λ3 ≥ − λ1 λ2 , λ3 + λ4 − [λ5 ] ≥ − λ1 λ2 ,

†

where τa ’s are the Pauli matrices. The relevant interactions of the scalar fields h0 , H 0 , H ± and A with the gauge
bosons ( W ± and Z) before the spontaneous symmetry
breaking are given by,

(10)

λ3 + λ4 + λ5 − λ1 = 0.5

(D µ Φ1 ) + Dµ Φ2

where, D is the covariant derivative associated with the
gauge group, given by

where the two neutral scalars h and H are defined as,
H = −h0 sin(α ) + H 0 cos(α )

†

√
√
h = (h0 + H 0 )/ 2, H = (−h0 + H 0 )/ 2

Using these definitions in Eqn(16) we get the relevant interactions after the SSB as,

where because of the interchange symmetry Φ1 ↔ Φ2 ,
we take

m2Z
Zµ Zµ h
v
m2w + − 2 m2w + − 2
W W h + 2 Wµ Wµ H
v2 µ µ
v
m2Z
m2Z
2
Zµ Zµ h + 2 Zµ Zµ H 2
2v2
2v
g
g
(∂µ H ± )Wµ± H − (∂µ H)Wµ± H ±
2
2
ig
(∂µ H ∓ )Wµ± A
2
ig
(∂µ A)Wµ± H ∓
2

Lgauge ⊃ gmwWµ+Wµ− h +
+
+
−
±

fdΦ2 (u¯L , d¯L )dR Φ2 + fuΦ2 (u¯L , d¯L )uR Φ̃2 ,

(17)

±

(18)

Interestingly, as seen from the above interactions, only the
SM-like scalar h has three point couplings with the gauge
bosons (W ± and Z) same with the couplings found in the
from this we can obtain the charged scalar (H ± ) cou- Standard Model (SM), where as the other neutral scalar
plings, the neutral scalar (h, H) couplings and the pseu- H does not have any three point couplings of this sort.
H has four point couplings
doscalar (A) couplings with the fermions. We find that However, the neutral scalar
+ −
only the neutral scalar (h) couple to the fermions with the with the gauge bosons (Wµ Wµ HH and Zµ Zµ HH). The
couplings of fu and fd (same as in the SM) and the other charged scalars (H ± ) couple to both the neutral Higgs H
scalars (H, H ± , A) do not couple to the fermions at all. and the pseudoscalar A along with the gauge boson W ±
Again, looking at the gauge bosons masses and mixings whereas the pseudoscalar A does not couple to the neutral
are obtained from the kinetic terms of the scalars in the scalar state H but only couples to the charged scalar (H ± )
and the gauge boson W ± .
Lagrangian, we get
fdΦ1 = fdΦ2 = fd , fuΦ1 = fuΦ2 = fu

36
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From the Higgs potential, we get these relevant interactions of the scalar fields h0 , H 0 , A and H ± before the SSB,
(λ3 + λ4 + λ5 ) 0 2 0 2
((h ) (H )
4
√
+ 2v((h0 )2 H 0 + (H 0 )2 h0 ))
(λ6 + λ6∗ )
+
(((h0 )3 H 0 + (H 0 )3 h0 )
4
3v((h0 )2 H 0 + (H 0 )2 h0 )
√
+
)
2

Lscalar ⊃

(19)

FIGURE 1. Dark matter annihilation channels

After the SSB the relevant interactions between the two
neutral scalars h and H are given by,

to annihilate directly into a pair of W , Z or h if these
channels are kinematically open. It can also annihilate to
a pair of SM particles through the Higgs boson channel
h. The annihilation channels are shown in figure and
(20) are critical for determining the dark matter relic density
as well as possible gamma ray signals from the regions
So it can be seen from the interactions that there is a four of dark matter population such as dwarf galaxy or from
point coupling hhHH and a three point coupling hHH be- the galactic center. The viable dark matter H must satisfy
tween the two neutral scalars h and H.
the correct relic abundance of dark matter obtained by the
PLANCK/WMAP collaboration [24] given by,
(λ3 + λ4 + λ5 ) 2 2
h H
Lscalar ⊃ −
4
2(λ3 + λ4 + λ5 ) + 3(λ6 + λ6∗ )
)vhH 2
−(
8

DARK MATTER CANDIDATE

As discussed before, after the Φ1 ↔ Φ2 interchange symmetry is spontaneously broken, there is a residual Z2 symmetry that remains unbroken, as a result of which H ± , H
and A to acquire Z2 negative charges i.e H ± → −H ± ;
H → −H ; A → −A, while all other fields acquire Z2 positive charges. Thus the lightest Z2 negative particle (either
the neutral scalar H or the pseudoscalar A) can be considered as a possible dark matter candidate in this framework.
In this model the masses of the neutral scalar H and the
pseudoscalar A are given by,
m2H = 2m212 − [λ1 + λ3 + λ4 + λ5 + 2(λ6 + λ6∗ )]v2 /2,
m2A = 2m212 − [λ5 + λ6 + λ6∗ ]v2 ,
Assuming m2H < m2A and using the condition referred in
Eqn(10) and using the bound on λ1 stated in Eqn(11), we
get a bound on λ5 for the lighter neutral scalar H to become the lightest Z2 negative particle and fulfill the role
of the dark matter candidate in this model:
3.67 > λ5 ≥ 0.125

(21)

Hence the neutral scalar H can serve as the dark matter
as it will be the lightest scalar particle protected by the
residual Z2 symmetry. The couplings of H relevant for
the dark matter interactions are given by,
m2w + − 2 m2Z
W W H + 2 Zµ Zµ H 2
v2 µ µ
2v
(λ3 + λ4 + λ5 ) 2 2
−
h H
4

Lscalar ⊃

(22)

where the first two terms arise from gauge interaction and
the last term comes from the scalar potential. We see
from the interactions in eqn(22) that dark matter is able
37

Ωdarkmatter h2 = 0.1199 ± 0.0027,

(23)

where Ω is the density parameter and h is the Hubble parameter in the unit of 100 km s−1 Mpc−1 . The dark matter
should also satisfy the Electroweak precision constraint
bounds [25], dark matter direct detection [26] and indirect
detection [27] bounds. As seen from eqn(22), the interaction between a single Higgs boson h and a pair of dark
matter is proportional to λ345 = λ3 + λ4 + λ5 , gives rise
to dark matter nucleon elastic scattering. In the particular
case when 2mH ≤ mh , the same coupling also lead to decay of the Higgs into a pair of dark matter, as an invisible
decay channel of the Higgs boson.

PHENOMENOLOGICAL IMPLICATIONS
There are several interesting phenomenological implications which can be tested in the next runs of LHC at 14
TeV and the proposed e+ e− collider ILC [22]. As the
neutral scalar boson h has the same couplings as the SMlike Higgs boson, the production and decays of h will be
same as of the SM-like Higgs state with mh ≃ 125 GeV
as seen by the LHC. Interestingly, all the other scalars
(H, H ± , A) do not couple to the fermions. For the other
neutral scalar H, assuming that its mass is lighter that the
SM-like Higgs boson mass (mH < mh ), it can be produced
via the decays of the SM-like Higgs h (125 GeV), through
the three point coupling hHH between h and H, as seen in
equation(20). As stated previously, as the neutral scalar H
is the lightest stable Z2 negative particle in the scalar particle mass spectrum, it can not decay to anything further.
So the decay of the 125 GeV h into two lighter scalars H
will be detected as an extra invisible decay mode for the
SM-like scalar h via the decay mode h → HH with invisible decay branching ratio as large as Brinv < 26% [28].
The expression for the partial decay width of the SM-like
H. Bossi and S. Chakdar
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Note that the bounds which are reflected in Figure 2 only
reflect to the invisible Higgs decay LHC bounds. In order
to study the parameter space in detail, one needs to consider direct and indirect detection along with Electroweak
precision constraint bounds.
To consider the effects coming from the Electroweak Pre-

FIGURE 2. Variation of the effective coupling λ ∗ vs the DM
mass(mH ) is shown in this figure. The shaded region corresponds to the allowed region in the parameter space for λ ∗ and
mH coming from the current bound for the SM-like 125 GeV
Higgs invisible decay Branching Ratio < 26%.

Higgs boson h with mass of mh ≃ 125 GeV to two lighter
neutral scalar particles H is given by,
Γ(h → HH) =

v2
2048π Mh

FIGURE 3. Effect of the S-T Constraint on the Mh+ −MH mass
split. Figure shows the color map of the Mh+ − MH mass split
in the S-T plane together with the 1-σ (blue ellipse) and 2σ χ 2
(red ellipse) confidence intervals calculated with two degrees of
freedom.

cision Tests (EWPT), we will express the EWPT bounds
in terms of three measurable quantities, called S, T, and
4m2H 1/2
(24) U, that parameterize contributions from BSM physics to
∗ (1 − 2 )
Electroweak radiative corrections [30]. The contribution
mh
to the S and T parameters [25] in this framework can be
Note that the total width of the SM-like Higgs boson with written as
1
mass of 125 GeV can be expressed in our model as,
[x6 f (x )
S=
2
2 3 2 a 2
∗ (2(λ3 + λ4 + λ5 ) + 3(λ6 + λ6∗ ))2

Γtot
h = ∑ Γh→AĀ + Γh→HH

72π (x2 − x1 )

(25)

− x16 fa (x1 ) + 9x22 x12 (x22 fb (x2 )

where AĀ = bb̄, ττ, gg,WW ∗ , ZZ ∗ , cc̄, γγ and ∑ Γh→AĀ is
− x12 fb (x1 ))]
taken to be the total decay width of a 125 GeV SM-like
Higgs boson = 4.088 MeV [29]. The partial decay width where,
mH
m
of Γ(h → HH) adds to the invisible decay branching ratio
, fa = −5 + 12log(x),
x1 = h , x2 =
m
m
of the 125 GeV SM-like Higgs. So from the upper bound
h+
h+
of Brinvh < 26% [28] for the invisible deacy Branching
fb = 3 − 4log(x)
Ratio of the SM-like Higgs particle, we get the following
and
bound on the decay width (Γ(h → HH))
Γ(h → HH) < 1.2775 × 10−3 GeV

λ

4m2
(1 − 2H )1/2 < 0.01678
mh

(27)

where λ ∗ = 2(λ3 + λ4 + λ5 ) + 3(λ6 + λ6∗ ) is defined to
be the effective coupling between hHH. The variation of
λ ∗ vs mH is shown in Fig(2). The shaded region corresponds to the allowed parameter space from the invisible
decay branching ratio bound of Brinvh < 26% for the 125
GeV Higgs boson. It can be seen in Fig(2) that the effective coupling λ ∗ seems to be varying very slowly with
mH for the lower neutral scalar mass(mH ) values while
at mH = 62.5, the effective coupling λ ∗ becomes infinity.
38

(29)

T=

(26)

Using Eqn(24) this can be translated as a bound on the
effective coupling λ ∗ and mH as,
∗2

1
32π 2 α v2
∗ [ fc (m2h+ , m2H ) + fc (m2h+ , m2h ) − fc (m2H , m2h )]

(28)

where,
fc =

x+y
xy
x
−
log( ), x 6= y
2
x−y
y
fc = 0, x = y

(30)

(31)

With U fixed to be zero, the central values of S and T,
assuming a SM Higgs boson mass of mh = 125 GeV, are
given by [31]:
S = 0.06 ± 0.09, T = 0.1 ± 0.07
(32)
In Figure 3, we can see the allowed parameter space in
this framework with reference to the Electroweak precision bounds (S, T). The Figure 3 represents the color map
H. Bossi and S. Chakdar
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of the (mh+ − mH ) mass split in the (S; T) plane together
with the 1-σ and 2σ χ 2 confidence intervals calculated
with two degrees of freedom. One can see that EWPT
data prefer a modest (mh+ − mH ) mass split below about
100 GeV, which is due to the roles and respective range
of variation for the following S and T parameter bound.
It should be noted that in this framework the scalar (H)
and the pseudo-scalar (A) can be taken to be on the same
footing. We have assumed this interchangeability in the
analysis and have only accepted the physically realizable
solutions. Additionally, we have taken the absolute value
in the difference on the z-axis. The dark matter candidate
H can also be produced through the unsuppressed 4-point
coupling ZZHH as seen in Eqn(18). We consider the decay process Z → Z ∗ HH → f f¯HH. The decay width with
an assumption of mH = 0 gives [32]

∑ Γ(Z → f f¯HH) ≃ 2.5 × 10−7 GeV
f

mass than the Standard Model-(SM) like neutral scalar h
(mh ≃ 125 GeV). Interestingly this lighter neutral scalar H
as well as the charged scalars H ± and the pseudoscalarA
do not couple to the fermions.The lighter neutral scalars
also don’t have the usual three point couplings with the
Gauge bosons(W ± and Z) present in the Standard Model;
however has four-point couplings with W ± and Z. The
only channel to produce the dark matter H is through the
decays of the SM-like h having an extra invisible decay
channel through h → HH. The Invisible decay branching ratio can be as large as Brinvh < 26%. We study the
parameter space of the effective coupling λ ∗ between the
neutral scalars (hHH) and the mass of the dark matter
mH . We also comment on the Electroweak constraints in
this scenario and also the other possible phenomenology
(33) for the charged scalars H ± and pseudoscalar A and the
dark matter experimental bounds.

The charged scalar particle H ± can be produced via DrellYan process and it will be quite elusive to observe at the
LHC. As the mass of the heavier charged scalar m±
H is
greater than the mass of the neutral scalar mH , H ± can
decay to H ± → W ± H. It will be quite elusive to discover
H ± with the decay products of "2 W-boson + Miss ET "
final states at the LHC. If the mass of the pseudoscalar A
is less than the mass of the charged scalar H ± , H ± can
also decay to H ± → W ± A. On the other hand, the pseudoscalar A (depending on the actual mass hierarchy) can
also decay to the charged scalar H ± in association with
a W ± if mA > m±
H . In the case of mH ± > mw + mH/A ,
the expressions for the partial decay widths of the heavy
charged scalar H ± are given by,
g2
64π Mw2 MH3 ±
3/2

2
2
∗ (MH2 ± − MH/A
− Mw2 )2 − 4MH/A
Mw2

Γ(H ± → W ± H/A) =
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(34)

Recent ATLAS searches [33] performed for the search for
chargino direct-production has found that In the scenario
of χ̃1+ χ̃1− pair production with χ̃1± decaying into and a χ̃10
and a W boson, χ̃1± masses in the ranges 100˘105 GeV,
120˘135 GeV and 145˘160GeV are excluded at 95% CL
for a massless χ̃10 .

SUMMARY AND CONCLUSIONS
We have presented a simple twist in the well studied
two Higgs doublet model in the form of adding an interchange symmetry to the two Higgs doublets (Φ1 ↔
Φ2 ). A residual Z2 symmetry that remains unbroken after
the original symmetry Φ1 ↔ Φ2 is spontaneously broken
making the charged scalars H ± , the neutral scalar H and
the pseudoscalar A to have Z2 negative charges and the
other fields remaining Z2 positive. This in turn makes
the lightest Z2 negative neutral scalar H to be the DM
candidate. This neutral scalar H can be much lighter in
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