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Main aspects of the model
We considered a simplified DM model in which we introduce a new extra vector
doublet Vµ which is a matter field, transforming with the same quantum
numbers as the Higgs field under the gauge symmetry group
SU(3)c × SU(2)L × U(1)Y

Vµ =
(

V +
µ

V o
µ

)
=

(
V +
µ

V 1
µ+iV 2

µ√
2

)
∼ (1, 2, 1/2)

The most general Lagrangian respecting the SM gauge symmetry containing
this new vector with operators up to dimension four is

L = −1
2 (DµVν − DνVµ)† (DµV ν − DνV µ) + M2

V V †µV µ − λ2(φ†φ)(V †µV µ)

− λ3(φ†Vµ)(V µ†φ)− λ4

2
[
(φ†Vµ)(φ†V µ) + (V µ†φ)(V †µφ)

]
− α1

[
φ†(DµV µ) + (DµV µ)†φ

]
− α2(V †µV µ)(V †νV ν)− α3(V †µV ν)(V †νV µ)

+ igκ1V †µW µνVν + i g ′

2 κ2V †µBµνVν

where
DµVν = ∂µVν + i g

2W a
µσ

aVν + i
2BµVν

Not possible to couple V to
standard fermions
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µσ
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Main aspects of the model
In the limit when α1 = 0 the model acquires an additional Z2 discrete
symmetry allowing the stability of the lightest odd particle (LOP). The
Lagrangian is reduce to

L = −1
2 (DµVν − DνVµ)† (DµV ν − DνV µ) + M2

V V †µV µ

− λ2(φ†φ)(V †µV µ)− λ3(φ†Vµ)(V µ†φ)

− λ4

2
[
(φ†Vµ)(φ†V µ) + (V µ†φ)(V †µφ)

]
− α2(V †µV µ)(V †νV ν)− α3(V †µV ν)(V †νV µ)

+ igV †µW µνVν + i g ′

2 V †µBµνVν

The model contain 6 free parameters: MV , λ2, λ3, λ4, α2 and α3. After
EWSB, the tree level mass spectrum of the new sector is

M2
V ± = 1

2
[
2M2

V − v 2λ2
]
,

M2
V1 = 1

2
[
2M2

V − v 2(λ2 + λ3 + λ4)
]
,

M2
V2 = 1

2
[
2M2

V − v 2(λ2 + λ3 − λ4)
]
,
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M2
V ± = 1

2
[
2M2

V − v 2λ2
]
,

M2
V1 = 1

2
[
2M2

V − v 2(λ2 + λ3 + λ4)
]
,

M2
V2 = 1

2
[
2M2

V − v 2(λ2 + λ3 − λ4)
]
,

M2
V2 −M2

V1 > 0 ⇒ λ4 > 0
M2

V ± −M2
V1 > 0 ⇒ λ3 + λ4 > 0
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Main aspects of the model
For phenomenological proposes we will work on a different base of free
parameters

MV1 , MV2 , MV ± , λL, α2, α3

where λL = λ2 + λ3 + λ4 play an important role controlling the interaction
between the SM Higgs and DM.

λL

V1

V1

H

V1,2

V±

W±

V1

V2

Z

It is convenient to write the quartic coupling and the mass parameter as a
function of the new free parameters

λ2 = λL + 2
(
M2

V1 −M2
V ±

)
v 2 , λ3 =

2M2
V ± −M2

V1 −M2
V2

v 2 ,

λ4 =
M2

V2 −M2
V1

v 2 , M2
V = M2

V1 + v 2λL

2
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Constraints from LEP data
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Excluded by LEP I
MV1 + MV ± < MW ± MV1 + MV2 < MZ
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Excluded by LEP II
MV1 < 100 GeV & MV2 < 200 GeV & MV2 − MV1 > 8 GeV & MV1 + MV2 <
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sLEP

MV ± . 93 GeV
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Constraints from LHC Higgs data

Invisible Higgs Decay: The decay channel H → V1V1 is kinematically
open when MV1 < MH/2 and it can affect the total width decay of H.

Excluded by Higgs data
Br(H → invisible) > 24%

Diphoton signal strength µγγ :

H

V±

V±

V±

γ

γ

H

V +

V−

γ

γ

The µγγ in the DVDM normalized to the SM value can be written as

Diphoton signal limit
BrBSM(H → γγ)
BrSM(H → γγ) = µγγ = 0.99± 0.14
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Relic Density Plots
Relic Density limit

Ωχh2 = 0.1184± 0.0012
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Quasi-degenerate case.
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Non-negligible mass split.

Two scenarios of large and small ∆M qualitatively covers the whole parameter
space.
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Direct Detection
Rescaled SI cross section

σ̂SI = ΩDM

ΩPlanck
× σSI(V1p → V1p)
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Constraints on the Parameter space
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Constraints on the Parameter space: Perturbativity

|λi | < 4π & |αj | < 4π
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Constraints on the Parameter space: LEP
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Constraints on the Parameter space: Upper PLANCK limit

Ωχh2 < 0.1184 + 0.0012
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Constraints on the Parameter space: Invisible Higgs Decay

Br(H → invisible) > 24%
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Constraints on the Parameter space: Diphoton rate

µγγ = 0.99± 0.14
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Constraints on the Parameter space: DD LUX
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Constraints on the Parameter space: DD XENON1T
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Vector Dark Matter as the only source

Ωχh2 = 0.1184± 0.0012
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Production at LHC
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Conclusions

We studied a simple extension to the SM including a new vector doublet.
The model acquires a Z2 symmetry when the only nonstandard dimension
3 operator is eliminated, allowing the neutral V1 component to be a good
Dark Matter candidate.
The model is consistent with experimental constraints and it is capable to
fulfill the DM budget with masses over 840 GeV
The model is strongly challenged by experimental data and by unitarity
constraints.
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H → γγ constraints from LHC data
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Indirect Detection
Rescaled average annihilation σ

〈σ̂v〉 = ΩDM

ΩPlanck
× 〈σv〉
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Perturbative Unitarity
The main theoretical challenge faced by our construction is the eventual
violation of perturbative unitarity introduced by the new massive vectors. We
studied the process V 1h→ V 1h and ZV± → ZV±
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