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Charge assignments under Z2 × Z̃2

(Z2, Z̃2) charge

Φ1 Φ2 η QL LL uR dR eR

Type-I (+,+) (+,−) (−,+) (+,+) (+,+) (+,−) (+,−) (+,−)

Type-II (+,+) (+,−) (−,+) (+,+) (+,+) (+,−) (+,+) (+,+)

Type-X (+,+) (+,−) (−,+) (+,+) (+,+) (+,−) (+,−) (+,+)

Type-Y (+,+) (+,−) (−,+) (+,+) (+,+) (+,−) (+,+) (+,−)

Φ1, Φ2 are the active doublets
η is the inert doublet
Symmetries:
Z2(unbroken) guarantees stability of DM
Z̃2 (soflty-broken) forbids FCNC at tree level
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The potential
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The scalar fields can be parametrised as
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, (i = 1, 2), η =
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where vi are the VEVs of Φi with v2
1 + v2

2 = v2 ≃ (246 GeV)2. The ratio

of the two VEVs is given by tan β = v2/v1.
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The Yukawa Lagrangian

LY =− YuQLiσ2Φ
∗

uuR − YdQLΦddR − YeLLΦeeR + h.c.,

The interaction terms

−Lint
Y =

∑

f=u,d,e

mf

v

[

ξfh f fh + ξfH f fH − 2iIf ξf f γ5fA
]

+

√
2

v

[

Vudu (mdξd PR −muξuPL) d H+ +meξeνPReH
+ + h.c.

]

,

ξfh and ξfH are defined by

ξfh = sin(β − α) + ξf cos(β − α),

ξfH = cos(β − α) − ξf sin(β − α),

SM-like limit or alignment limit defined by sin(β − α) → 1
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The Yukawa Lagrangian

Mixing factor

ξu ξd ξe

Type-I cot β cot β cot β

Type-II cot β − tanβ − tanβ

Type-X cot β cot β − tanβ

Type-Y cot β − tanβ cot β
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The vertex

Loop amplitude of H± → W±V (V = Z , γ)

iM(H± → W±V ) = igmWV µν

V ǫWµ(pW )ǫV ν(pV )

with V µν

V written in terms of dimensionless form factors:

V µν

V = gµνFV +
pµV p

ν

W

m2
W

GV + iǫµνρσ
pV ρ

pWσ

m2
W

HV

with pµW and pµV incoming momenta for W± and V .

For the case of V = γ, Ward identity V µν

γ pγν = 0. implies

Fγ =
Gγ

2

(

1− m2
H±

m2
W

)

where p2W = m2
W and (pW + pγ)

2 = m2
H± .
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Loop amplitude of H± → W±V (V = Z , γ)

iM(H± → W±V ) = igmWV µν

V ǫWµ(pW )ǫV ν(pV )

with V µν

V written in terms of dimensionless form factors:

V µν

V = gµνFV +
pµV p

ν

W

m2
W

GV + iǫµνρσ
pV ρ

pWσ

m2
W

HV

with pµW and pµV incoming momenta for W± and V .

The effective Lagrangian:

Leff = fZH
+W−

µ
Zµ + gVH

+Fµν

W FVµν + ihV ǫµνρσH
+Fµν

W F ρσ

V + h.c.

where Fµν

W and Fµν

V are the field strength tensors.
The coefficient fZ has mass dimension one whereas gV and hV have
mass dimension minus one.
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Figure : The 1PI diagrams for the HWZ and HWγ vertices. The
diagrams which vanish in the limit sin(β − α) = 1 are not displayed.
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Form Factors

Calculations are made in Type I and X (light mH± is more
interesting)
mH = m

H± , −4002 GeV2 < M2 < 4002 GeV2 , 100 GeV< mA < 260 (350) GeV, tan β = 2.5 in the last plot
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Branching Ratios

If mH± < mt : t → H±b dominant

If mH± > mt : H
±-strahlung dominant
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Cross sections

For the signature

pp → bb̄H
±

W
∓

→ bb̄W
±
W

∓
V

σ
top
S,V

= 2 × σtt̄ × [1 − BR(t → H
±
b)] × BR(t → H

±
b) × BR(H

±
→ W

±
V ), (1)

Also EW productions e.g.

pp → H
±

A/H
±
H → W

±
V + X

0

pp → H
+
H
−

→ W
±
V + X

±

σ
EW
S,V = (σ

H±A
+ σ

H±H
+ 2σ

H+H− ) × BR(H
±

→ W
±
V ), (2)

Type-I Type-X

σ
top
S,Z

[fb] (390, 700, 29) (15, 28, 1.6)

σ
top
S,γ

[fb] (940, 420, 1.4) (35, 16, 0.075)

σEW
S,Z [fb] (2.3, 7.5, 46) (0.087, 0.30, 2.5)

σEW
S,γ [fb] (5.5, 4.5, 2.2) (0.20, 0.17, 0.12)

here we are considering the three cases m
H± = 130, 150 and 170 GeV
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Summary

The scalar bosons from the inert doublet give an additional
contribution

|FZ |2 can be one order of magnitude greater than the one
predicted in the 2HDM

In Type I and X Yukawa interactions, branching ratios are
enhanced (10% level)

The detection with early data at Run 2 of H± → W±Z
signals could represent circumstantial evidence of a 3HDM
structure of the Higgs sector
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