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The Higgs field and Standard Model 
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The Higgs potential 

3 



Higgs self-coupling 
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Higgs cross-sections 
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Discovery of the Higgs boson 

• Measurements: mass, spin, couplings 

 



 

The Higgs Boson at the LHC 
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Local p0 
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Birth of a particle 
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Higgs-like particle – 4 July 2012 



 

13 

Higgs-like particle – 4 July 2012 
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H->gg:  events signature 
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Shower shapes and vertex reconstr. 



 

16 

H->gg:  background rejection 
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The golden channel: H->ZZ,  Z->ll  
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Signal and background 
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Higgs like signal with 7 TeV and 8 TeV data 
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Mass measurement 



 

Nobel price for predicting Higgs particle 
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2013 



 

Entrance of the Higgs into  PDG    
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2013 
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How we can recognize spin? 
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Spin observables for H->gg 



 

Spin study with H->4l 
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Higgs boson decay width 
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What do we measure? 
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What do we measure? 
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Higgs boson decay channels 
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Constrains on three-level Higgs couplings 



What we have learned since discovery 
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ATLAS combination 
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Searches for New Physics 

• Supersymmetry 

• Exotic models 

• Dark Matter 

• Unconventional signatures 

 



 

Uncharted discoveries? 
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Many unanswered questions … 
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 … and as many possible answers to probe! 
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How would new phenomena manifest itself? 
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Long list of models and signatures 
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Long list of models and signatures 

45 



 

Strongly produced SUSY searches 
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Strongly produced SUSY searches 
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SUSY Searches Overview (2024) 
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What characterizes Exotics Searches 
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Exploration range of LHC by mid 2015 
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LHC Run II 
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Exploration range of LHC by mid 2017 
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Exploration range of LHC by mid 2019 
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Fully hadronic Diboson Searches 
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Resonance Searches (Dilepton, Lepton+ETmiss) 
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Resonance Searches (gg, tt) 
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Exploration range of LHC: March 2023 
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What do we know about Dark Matter 
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What do we know about Dark Matter 
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Experimental detection of Dark Matter 
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Dark Matter serches at Colliders 
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Dark Matter theory space 
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Dark Matter theory space 
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Dark Matter theory space 
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Dark Matter theory space 
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Searches for DM with (ET
miss +X) Signatures 
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(ET
miss +X) or Mono-X Signatures 
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Simplified Model 
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Mono-X searches  
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Mono-X searches  
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Mono-X searches  
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Mono-X searches  
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Plenty of mono-signatures  
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Heavy Higgs summary plot 
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Unconventional signatures 
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Unconventional signatures: challenges 
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Unconventional signatures: disapearing tracks 
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Long -lived particle searches :  March 2023 
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Preparing for next generation of experimental particle physics 
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