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The Higgs portal with vector dark matter

Additional complex scalar field S
o singlet of U(1)y x SU(2)r x SU(3).
o charged under U(1)x

= %VWV“” + (D.S)* DS + V(H, S)

V(H,S) = —ui|HI* + Au|H|* — u5|SI* + As|S|" + x| S|*|H|®

Vacuum expectation values:

[ 9 = 22
<H>_<v\5}%/1)> (S>—ﬂ

U(1)x vector gauge boson V,
o D,y =0u+19.Vy
o Stability condition - no mixing of U(1)x with U(1)y  Bp¥"
Z5: V= -V, S —S*, S=0¢e: ¢ ¢, 00— —0

o V), acquires mass due to the Higgs mechanism in the hidden sector

Mz = gz Ux




The Higgs portal with vector dark matter

Positivity of the potential
V(H,S) = —pi|H|* + Au|H|* = u5|S” + As|S|* + x| S|*| HI®
Ag >0, As>0, k>-2VAgls

Scalar mixing

1 , o 1 _ H*
S=—Wz+¢s+ios) , H = —(v+ ¢u +iom), where H =

N
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M2 = 2gv? Koy h1 . cosa —sina 0323
o Kovy  2Asv2 )’ ha )\ siha cosa os

Mp, = 125 GeV - observed Higgs particle

Higgs couplings

5 hi cos a + ha sin a 2MWW:W“_ o M%ZMZ“ = meff
!
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Perturbativity and stability conditions - RGEs

One-loop beta functions 5y = 167r2 d A

27
B = %g‘f + *9192 + 92 - *91 IAm — 993 A m + 24N5 +1% — 6y} + 122y}
A = (40,\?; — 36g2Ag + 27g% + 4&2) >0

1 = 1'":) ( 992 — 90g2 — 4592 + 120\ g + 80Ag + 40k + 60y$)

1- (solid) and 2- (dashed) loop, gx[m¢= 0.3, Ax[m¢]= 0.14, Ag[m¢]= 0.1, k[m{]=-0.06
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Positivity - vacuum stability
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Perturbativity and stability conditions

V(H,S) = =it |H|* + Al H|* = u3|SI° + As|S|* + w|S|*|H|® )

Perturbativity

Ag < 4w, Kk <4dm, As<A4nm

Positivity - vacuum stability

Au(Q) >0, As(Q) >0, £(Q)+2v/Au(Q)As(Q) >0

Gulmy)=g1 (my) As(my)=Mgyy(my)
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Theoretical and experimental bounds
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o LEP bounds from ete™ — Zhso
@ no invisible Higgs decays

h1 — Z/Z/, h1 — h2h2

@ electroweak precision data (S,T)

@ dark matter relic density
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Computation of relic density

Annihilation channels:

A W__Z 7' s h; A ~h; 7' ;s hi
hi f ’ - ’
/ , \\//
' h; f N SO \
z' Wtz 7 Nhy Z ~hiz! Nhy

Comparision of numerical results and non-relativistic approximation.
G. Bélanger, F. Boudjema, A. Pukhov, A. Semenov, micrOMEGAs4.1, Computer
Physics Communications, 2015

My=0.127, k=0.02, As=0.1 (My,=110. GeV, v, =250 GeV)
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Direct n My, > 125 GeV

A =0.18, k = 0.18, As = 0.2 (My, = 400 GeV, v, = 622 GeV)
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Direct n My, <125 GeV

My =011,k = 042, As = 0.2 (My, = 75 GeV, v, = 138 GeV)
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Conclusions

The model fulfils theoretical, collider and cosmological constraints and
provides the viable candidate for a dark matter particle.

Parameters of the potential with the second scalar field can be chosen to
ensure the absolute stability of the electroweak vacuum.

The model can be tested by future experiments, especially: precision
measurements of Higgs couplings and dark matter direct detection probes
at XENONI1T.




