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CMB: WMAP and PLANCK
Large Scale Structures

Gravitational lensing 

Bullet cluster

Galactic rotation curves

The existence of Dark Matter is confirmed 
by several independent observations at cosmological scale
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DM is very appealing even though 
we know almost nothing about it! 
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Tim Tait’s sketch
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Minimal 
Consistent
Models

universal building 
block for complete 
models
Cacciapaglia,.Locke,Pukhov, AB   
arXiv:2203.03660 
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Vector DM 
 The abelian/non-abelian Vector DM with Higgs portal

                  Group
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Vector DM 
 The abelian/non-abelian Vector DM with Higgs portal

                  Group

                                 Explicit Z2 symmetry plus a Higgs portal to provide the 

stability and the mass for VDM and connect it to the SM  

with                                                       , after SSB → 

so one has

 Quite a few papers:
 Lebedev, Lee, Mambrini 1111.4482,      Farzan, Akbarieh 1207.4272
 Baek, Ko, Park , Senaha 1212.2131      Duch, Grzadkowski, McGarrie 1506.08805
 DiFranzo, Fox,Tait 1512.06853             ………………………...
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Vector DM with the Higgs portal 

 Since VDM ‘talks’ to SM via Higgs,

VDVDH coupling is limited from above by 

DM direct detection and H→ DM DM Br

Arcadi, Djouadi, Kado 2001.10750
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VDVDH coupling is limited from above by 

DM direct detection and H→ DM DM Br
 Since DM Relic density should be equal or 

below the PLANCK relic density limit

VDVDH coupling is limited from below
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Vector DM with the Higgs portal 

 Since VDM ‘talks’ to SM via Higgs,

VDVDH coupling is limited from above by 

DM direct detection and H→ DM DM Br
 Since DM Relic density should be equal or 

below the PLANCK relic density limit

VDVDH coupling is limited from below
 The Higgs portal VDM parameter space is 

very limited by interplay of collider, DD and 

DM relic density

Arcadi, Djouadi, Kado 2001.10750



Alexander  Belyaev 15

      
Vector Dark Matter via a Fermionic Portal from a New Gauge Sector

Vector DM with the Higgs portal 
 Non-abelian case

 Generalisation to SU(N) case:  
Gross, Lebedev, Mambrini 1505.07480
SSB with N-1 complex scalar N-plets in fundamental rep of SU(N) – gives mass to 
VDM and predicts (N-1)2 scalars
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Vector DM with the Higgs portal 
 Non-abelian case

 Generalisation to SU(N) case:  
Gross, Lebedev, Mambrini 1505.07480
SSB with N-1 complex scalar N-plets in fundamental rep of SU(N) – gives mass to 
VDM and predicts (N-1)2 scalars

 electroweakly interacting non-abelian vector dark matter:
Abea, Fujiwara,  Hisano,  Matsushita 2004.00884
                                                                : SU(2)0 ↔ SU(2)2 symmetry provides 
stability for VDM, so there are VDM triplet + vector triplet of unstable W’/Z’ bosons
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Vector DM with the Higgs portal 
 Non-abelian case

 Generalisation to SU(N) case:  
Gross, Lebedev, Mambrini 1505.07480
SSB with N-1 complex scalar N-plets in fundamental rep of SU(N) – gives mass to 
VDM and predicts (N-1)2 scalars

 electroweakly interacting non-abelian vector dark matter:
Abea, Fujiwara,  Hisano,  Matsushita 2004.00884
                                                                : SU(2)0 ↔ SU(2)2 symmetry provides 
stability for VDM, so there are VDM triplet + vector triplet of unstable W’/Z’ bosons

  quite a non-minimal model
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Vector like fermion Portal for Vector DM
 Higgs portal is very-well studied and the parameter space for minimal scenarios 

is almost excluded
 We are driven by curiosity and simplicity to find  an alternative portal for 

Vector Dark Matter
SM + three  ingredients:

 SU(2)D  new (dark) non-abelian new gauge group

 Complex scalar doublet charged under SU(2)D

 Vector-Like  fermion doublet of SU(2)D
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Vector like fermion Portal for Vector DM
 The  general form of the Yukawa terms of the new fermion sector reads

where                           , while       and          are new Yukawas, connecting SM fermions 
and new VL fermions
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 The  general form of the Yukawa terms of the new fermion sector reads
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and new VL fermions

 Problem:  the presence of both         and           breaks the stability of gauge bosons, since 
is breaks global SU(2) in the dark sector
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Vector like fermion Portal for Vector DM
 The  general form of the Yukawa terms of the new fermion sector reads

where                           , while       and          are new Yukawas, connecting SM fermions 
and new VL fermions

 Problem:  the presence of both         and           breaks the stability of gauge bosons, since 
is breaks global SU(2) in the dark sector

 If we assign the “dark charge” to the components of the doublets, e.g.
and require its conservation, we will get

                                                          pattern of dark sector breaking
        Subgroup can be defined as
 for            we choose, e.g,                       , then         is eliminated, stabilizing VDM
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Vector like fermion Portal for Vector DM
 So, we have:                                                            ,                            ,  

                 for the doublet  and                      for the  triplet

 Different components of the doublet and triplet will have different parities:
● two scalar degrees of the doublet 

(i.e upper part of the doublet) are Z2 - odd –  
they become longitudinal component of DM
the lower part of scalar doublet is Z2-even, 
it contains vev

● this means that one of the components of the 
vector triplet is  Z2-even

● the term, connecting dark scalar and VL 
fermion and SM RH fermion:

one  component of  VL fermion doublet is 
Z2-even and the other -  Z2-odd 
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Building VLF Portal for Vector DM: V0
D+ / V0

D-   Dark Matter
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VLF portal: Z2-even fermions – RH SM ones and VL ones – mix
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VLF portal: Z2-even fermions – RH SM ones and VL ones – mix

Potential to introduce flavour structure(s) with VL fermions, including VL leptons to 
explain various flavour anomalies, including (g-2)m !



Alexander  Belyaev 26

      
Vector Dark Matter via a Fermionic Portal from a New Gauge Sector

The gauge sector: V’ / VD radiative mass split, no tree-level V’ – Z mixing

 At tree-level:
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The gauge sector: V’ / VD radiative mass split, no tree-level V’ – Z mixing

 At tree-level:

 At loop-level:
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The gauge sector: V’ / VD radiative mass split, no tree-level V’ – Z mixing

 At tree-level:

 At loop-level:

 Effect for W/Z boson masses

Potential to explain W-boson mass anomaly

Similar diagrams appear for 
Kinetic mixing (backup slides)
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 Minimal VL top portal VDM: VL top portal without higgs portal mixing

5D parameter space: 
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 Minimal VL top portal VDM: projections of 5D scan in
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 Minimal VL top portal VDM: collider signatures
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 Minimal VL top portal VDM: details of  2D space for chosen benchmarks
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Summary on  Fermion Portal Vector Dark Matter (FPVDM)
 FPVDM is a new framework  which does not require the Higgs portal
 Incorporates many possibilities with new collider and cosmological implications
 Case study with the top sector – multiple phenomenological predictions

 great potential to explain dark matter
 collider signatures: tt+miss, Z’, Z’H, long-lived Z’ 
 great potential to explore flavour, was deliberately designed for this!
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Backup slides
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The scalar sector: when the higgs portal is absent, the interactions become minimal
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The scalar sector: when the higgs portal is absent, the interactions become minimal
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VL portal VDM: the summary of particle content
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 Kinetic Mixing in FPVDM models
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 Minimal VL top portal VDM: details of  2D space for chosen benchmarks
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