Dark Matter from a Vector Field in a non-trivial
representation of SU(2) L

Alfonso R. Zerwekh
UTFSM, Chile

s
-

. CONICYT

®W® CcomISION NACIONAL DE INVESTIGACION g
CIENTIFICA Y TECNOLOGICA DEPARTAMENTO DE

FISICA

UNIVERSIDAD TECNICA
FEDERICO SANTA MARIA




Plan of the Talk

* Motivation
* The Minimal Isotriplet Vector Dark Matter model and
Its phenomenology

* A Vector in the fundamental representation of SU(2),

e Conclusions



Motivation



1
L = —STr{GuG"™} = Tr{DV,D'V'} + Tr {D,V,D"V"}

2

=TV Vo VA V)
—igTr{G,, [V* V']} + M*Tr{V,V"}

V is a massive vector field in the adjoint representation of a local SU(N)

This Lagrangian is consistent with perturbative unitarity at tree
level due to two crucial facts:

e It has an accidental Z, symmetry
e There is only one coupling constant: the gauge coupling constant
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The Minimal Isotriplet Vector Dark Matter Model

A.Belyaev, G. Cacciapaglia, J. McKey, D. Marin and A. Zerwekh
ArXiv:1808.10464



L = Lsy—-Tr{D,V,D*VY}+Tr{D,V,D"V#*}
2
-5 Tr AV, V[V V)
—igTr {W,, [V*, V*]} + M*Tr{V,,V"}
+a (®T®) Tr{V,V"}

»  Higgs doublet

D v IS the covariant derivative of SU(2)

Only two free parameters: a and M
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Radiative corrections produce mass splitting

AM ~ 210MeV
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Interaction between V° and quarks
(low energy)
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Experimental Constrains
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Relic density

101
102
10~
- / /
]I:I_d w J g . PR A Y LY T
107 10° 104

My (GeV)

e g =0
e a=10.5
e oa=1
s g =5
g =47

Unitarity constraints
mem  Opuh? = Qpranckh’®
Qpmh? > Qfinexh’

15



o& (pb)

Direct detection constraints
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a=+/- 1(dashed) anda=+/-5

The colour code uses red for positive values and blue for negative. The
coloured bands are the experimentally allowed regions at 95 % CL from
ATLAS (pink) and CMS (yellow), while the orange band shows the overlap

17



Rer < 1, Sinaah® < 0721 anch®, 1

=t < nkr,

10°

.
My (GeV)

ol

=

),
RelicDensit

(—
T
=

et
gi
=

18



Hg < 1: Qphnekh” < HD\I"IE o ﬂPLA‘\.{ Hh » Pnin < P £ i

1.5

0.5

—1.5 L

1.0

—1.0

28010) 3000 3200 3400 3600
My (GeV)

3800

4000

19



What about the LHC ?

pp — VTV /v=EV

LHC@13TeVDY VTV~
LHC@13TeV DY V10
LHC@13TeVVBF V+V— 4 VEy+
LHC@13TeV VBF V+V0
LHC@14TeVDY V+V
LHC@14TeV DY V*V0
LHC@14TeVVBF V*tV— 4+ vy +
LHC@14TeV VBF V10
LHC@27TeV DY V+V
LHC@27TeV DY V10
LHC@27TeV VBF V+V— 4 VEy+
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A Vector In the fundamental representation of
SU(2),

Bastian Diaz, Marcela Gonzalez, Felipe Rojas, A. Z.

Arxiv: 1810.06375
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L = (D,V,—D,V,)" (DFVY — DVVH)

1
TS MEVIVE + M (61 0)(V, V)

A3 (8T, (V) + Ma(VIg)(pTVH)
+or [T D, V* + (D V) 6] + s [V (D"6) + (D) V]
+as(VIVI)(VIVY) + ag(VIVT)(VIVH)

It is not possible to couple V to

Vo = VJ standard fermions without
a V,? T iV,} Introducing exotic vector-like
fermions

Very nice but already invented by M.V. Chizhov and G. Dvali, PLB 703 (2011) 593
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Relic Density Qh?
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Conclusions

* We have found a consistent theoretical construction to couple a
massive vector matter field to a gauge field

* We bulilt an extension of the SM incorporating the new vector
matter field and the model contains a natural dark matter
candidate.

 The new Z, symmetry is motivated by theory and not imposed
by hand.

* The model is consistent with collider and cosmological data

* A Vector in the Fundamental Representation offers a nice DM
candidate but the model is more strongly challenged by data
and by unitarity contrains
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A typical case of “doesn’t matter”

The 5th Wave By Rich Tennant
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“After the discovery of ‘antimatter’ and ‘dark matter’, we have just

confirmed the existence of ‘doesn’t matter’, which does not have
any influence on the Universe whatsoever.”
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Thank you
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