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Main aspects of the model

We considered a simplified DM model in which we introduce a new extra vector
doublet V,, transforming with the same quantum numbers as the Higgs field
under the gauge symmetry group SU(3). x SU(2). x U(1)y

+ v
V, = (V,é> = Vi ~ (1,2,1/2)
V I I
" V2

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

L= 2Dy~ DV, (D'VY = DVP) 4 MYVIVE — (ol 6)(V, V)
A
= (@) (V) = T [(@T V)6 V) + (VHTe)(Vie)]
— on [¢1(Du V") + (D V*) 1] — aa(VIV)(VIVY) — as(V] VY)(VIVH)
+ igm VWMV, +/—/<;2VTB‘“’V
where Not possible to couple V to standard

DV, =8,V + iEwiev, + iB V. fermions without introducing exotic
2 2 vector-like.fermions

Felipe Rojas Abatte Dark Matter from a vector field in the fundamental representa



Main aspects of the model

We considered a simplified DM model in which we introduce a new extra vector
doublet V,, transforming with the same quantum numbers as the Higgs field
under the gauge symmetry group SU(3). x SU(2). x U(1)y

v V.
o=(5) - (L) ~ o
2 7z

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

L = 7% (D Vi — D V)T (DH VY — DY V*) + My VIVH — xa(sT o) (V] V)
A
= AONV)(VTE) = T [(@TV)(6TV) + (VTe)(Vie)]
= a1 [¢1(Du V") + (D V") '] — aa(VIVA)(VIVY) = as(ViV)(VIVH)
/
+ g ViW v, +i&r VBT Y,
where . S
DV, = d,V, + i% :aaV,, + éBqu For simplicity k1 = ko =1
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Main aspects of the model

We considered a simplified DM model in which we introduce a new extra vector
doublet V,, transforming with the same quantum numbers as the Higgs field
under the gauge symmetry group SU(3). x SU(2). x U(1)y

v V.
o=(5) - (L) ~ o
2 7z

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

L = f% (D Vi — D V)T (DH VY — DY V*) + My VIVH — xa(sT o) (V] V)
— X)) — 5 (6161 + (V6) (V6]
— a1 [01(DuV") + (D V") 9] = aa(VEVE)VIVY) = as(VIVI)(VIVH)
+ igriVi WMV, + i%lm ViB*v,
where .
DV, = 8.V, + i% 257V, + éB,uvu If ay = 0 appears a Z» symmetry
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Main aspects of the model

In the limit when a; = 0 the model acquires an additional Z, discrete
symmetry allowing the stability of the lightest odd particle (LOP). The
Lagrangian is reduce to

L = —% (D.V, — D, V,)! (D"*VY — D" V") + My Vi v*
= R('AVIVH) = a0V (VT 9)
— 266 V) + (Vo) (vie)
— a(VIVI)(VIVY) —as(VIVT) (VI VY)
+ igViwry, + i%l ViB*V,

The model contain 6 free parameters: My, X2, A3, A4, a2 and as. After
EWSB, the tree level mass spectrum of the new sector is

1
Mys = 5 [2M —vAo],
1
My = 5 [2My = V0o + 25+ M)
1
My, = 5 [2M0 = V(e + 2= M),
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In the limit when a; = 0 the model acquires an additional Z, discrete
symmetry allowing the stability of the lightest odd particle (LOP). The
Lagrangian is reduce to

L = —% (D.V, — D, V,)! (D"*VY — D" V") + My Vi v*
= R('AVIVH) = a0V (VT 9)
— 266 V) + (Vo) (vie)
— a(VIVI)(VIVY) —as(VIVT) (VI VY)
+ igViwry, + i%l ViB*V,

The model contain 6 free parameters: My, X2, A3, A4, a2 and as. After
EWSB, the tree level mass spectrum of the new sector is

1
Mys = 3 [2M) — ],

1 My, — My, >0 = X\>0
szl = = [2/\/]2\/ — V2(A2 + A3+ )\4)} s 2‘/2 Zl *

i Mys —My, >0 = X3+ >0
My, = 5 [2M0 = v + s = M)
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Main aspects of the model

For phenomenological proposes we will work on a different base of free
parameters
MVM MV27 M\/i7 /\La a2, Q3 (1)

where A\; = A2 + A3 + A4 play an important role controlling the interaction
between the SM Higgs and DM.

1
\/,u

me e 2"/’\/1/57;"9Wgu1')%

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

(M3, — My ) _ 2M},. — My, — MY,

Ao = AL +2 2 ; Az 2 ;
M2, — M} ) s VAL
/\4:72‘/2 L My = My, + —=. 2)
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LEP II
excluded

Mv; (GeV)
Mv; (GeV)

0 25 50 75 100 125 150 175 200 50 60

70 80 90
Mv; (GeV) M= (GeV)
Allowed mass region for neutral vectors. Allowed mass region for charged and neutral vectors.
4

Excluded by LEP |
My, + M+ < My, + My, + My, < Mz
My, + M, + < M+ 2M,+ < Mz

Excluded by LEP Il
My, <100 GeV & My, <200GeV & My, — My, >8GeV & My, + My, < Vsep
M, < 93 GeV
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Constraints from LHC Higgs data

@ Invisible Higgs Decay: The decay channel H — V1V is kinematically
open when My, < My /2 and it can affect the total width decay of H.

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

@ Diphoton signal strength 177:

The 177 in the DVDM normalized to the SM value can be written as

Diphoton signal limit

BrBM(H = y7) _ 4y
Sr_ Aoy _ - 14
(S ) = = 09940
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elic Density Plots

Relic Density limit
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Quasi-degenerate case. Non-negligible mass split.
y

Two scenarios of large and small AM qualitatively covers the whole parameter
space.
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Direct Detection

Rescaled Sl cross section

. Q
Osi = Qﬂ x osi(Vip — Vip)
Planck
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ipe Rojas Abatte k Matter from a vector field i mental representa



Colour

Parameter space
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Constraints on the
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Constraints on the Parameter space
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Constraints on the Parameter space
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Constraints on the Parameter space
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Constraints on the Parameter space
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Constraints on the Parameter space
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Vector Dark Matter as the only source
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Satisfy PLANCK limits
My, > 840 GeV J
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Production at LHC

Mono-X (jet, Z, H) total cross (fb) section at LHC@13TeV

o (fb)
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Conclusions

@ We studied a simple extension to the SM including a new vector doublet.

@ The model acquires a Z, symmetry when the only nonstandard dimension
3 operator is eliminated, allowing the neutral Vi 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 — ~v constrai LHC data

NS S E = 5 The 177 in the DVDM normalized
K . to the SM value can be written as
Diphoton signal limit
BSM
w: YY — 0.99 + 0.14
SM K : :
BroM(H — ~vv)
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Indirect Detection

Rescaled average annihilation o
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turbative 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'h — V*h and ZVE — Zv+
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