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arXiv:2204.03510,2203.04681
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to talk to SM

This new class of models 
with fermionic portal
requires non-abelian Dark SU(2)
– unique and minimal scenario
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 Analogous 6-muon signature takes place in the muon portal scenario 

Panizzi, Thongyoi, AB: arXiv:2510.18564

 Has new multi-fermion signatures – 

we have realised this three years 

after the initial publication!

Multi-fermion signature from DM with fermionic portal

Bertenstam, Gonçalves, Morais, 
Pasechnik, Thongyoi,AB: 
arXiv:2508.04912

The case of top-portal realisation
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Tools

LanHEP CalcHEP

CheckMATE

PYTHIAPYTHIA DELPHES Analysis

Feynman Rules: Model files Parton level events: LHE

Beyond parton level: HEPMC Fast detector simulation: ROOT best signal regions
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The relevant parameter space
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calchep_batch: to do an effective 2D  scan to produce .lhe

https://github.com/alexanderbelyaev/6top_FPVDM/blob/main/pp_TpTp_FPVDM-batch_example
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Finding and combining  best signal regions
 1st step

CheckMATE creates  evaluation/total_results.txt  for each point of the parameter space

filter_relevant_signal_regions_adaptive.py → to pick 10 best r_expected regions
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Finding and combining  best signal regions
 2nd  step: analyse which signal regions are orthogonal (mutually exclusive) – highly non AI job!
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Finding and combining  best signal regions

     python code to combine signal regions: batch_combine_signal_regions.py
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Final results
□ LHC signature:       6 tops  from VLQ pair
□ current sensitivity:  up to 1.8 TeV for mF

                                                      up to 1.4 TeV for DM
□ HL-LHC prospects: up to 2.3 TeV for mF

                                                       up to 1.8 TeV for DM
□ The orthogonal combination allows us to 

extend sensitivity by up to 100 GeV – almost 
factor of two in cross section
                                          

Bertenstam, Gonçalves, Morais, 
Pasechnik, Thongyoi,AB: arXiv:2508.04912
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Conclusions and Outlook

 The map of the efficiencies is ready for T→ 3t topology – can be used by SMODELS or by other codes
 The set orthogonal regions is ready to be used through  the python code – can be used in other codes

The combination allows to enhance sensitivity to the cross section almost by a factor of two
 The model is initially motivated only by vector DM and new fermionic portal, but reveals new signatures 

and new opportunities for the BSM exploration 

High PT tops 3t – resonant signal from  T 2t – resonant signal from  V’

 New 6-fermion signature is very promising but has not been yet explored experimentally
 Dedicated experimental analysis will  further  enhance sensitivity to the model and to the 6-top signature 

https://github.com/alexanderbelyaev/6top_FPVDM
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Thank you!
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Backup Slides
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The abelian/non-abelian Vector DM was realised via 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

 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
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Vector DM and Vector-Like Fermionic Portal
        SU(2)D   gauge triplet 
 Complex scalar SU(2)D doublet 

       to break gauge group
 VL  fermion doublet of SU(2)D 

       to “talk” to SM 
 assign

and require its conservation
                                                         

pattern of dark sector breaking
      subgroup 
 Yukawa portal

 QD conserved – DM is established!
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Fermionic Portal for Vector Dark Matter (FPVDM)
 It is the framework, representing the class of models

[Deandrea, Moretti, Panizzi, Ross, Thongyoi, AB – arXiv:2204.03510,2203.04681] 

 Various realisations are possible, including one or several VL fermions

 

        can have a flavour structure – to explain flavour anomalies
          can be negligible at tree-level, DM can be well-generated via FP

 the model with                                and                      was explored 
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FPVDM Interactions and loop-induced kinetic mixing
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 Minimal VL top portal VDM: collider signatures
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Novel multilepton (multi-fermion) signatures 

6m(+MET): hi-PT two boosted pairs of muons (from V’ decay) + two single high-pT muons

8m: hi-PT three boosted pairs of m’s  + 2 isolated m’s 10m: hi-PT four boosted pairs of m’s  + 2 isolated m’s

Note: 
depending on the portal, 
there will be analogous 
multi-fermion signatures, 
e.g.
muti-tops, multi-bquarks
etc.


