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Overview

➳ New physics searches @ LHC

➳ Dark Matter and Beyond Standard 

Model Higgs @ LHC 

➳ Recent results from ATLAS and CMS

➳ Summary 



DM and BSM Higgs @ LHC
how? Why? 
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The LHC & collider detectors
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The LHC & collider detectors
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An LHC data analysis in a nutshell 

● First: acquire and save the data sets

● Next: interpret the data, define strategies, statistical analysis

➳ ATLAS and CMS  apply different approaches in some steps

LHC P-P Collision Trigger System Data Acquisition Event Reconstruction Dataset Storage

LHC Dataset Physics Object Selection Event Selection Background Modelling Statistical Analysis Final Result
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An LHC data analysis in a nutshell 
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DM searches @ LHC

● Several ways to look for 
Dark matter
➳ Colliders play an 

important role!

➳ By Danyer 
Perez Adan

SM
DM

DM SM

https://inspirehep.net/literature/2626043
https://inspirehep.net/literature/2626043
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Recent results from ATLAS & CMS
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ATLAS H++H-- search 
EXOT-2018-34

● Search for doubly-charged Higgs bosons
➳ Motivated in extended Higgs sector models, 

𝝂-mass models (type-2 seesaw models), others. 
➳ e/𝝁 channels
➳ Same sign lepton pairs

● Strategy
➳ Same-sign requirement ⇒ virtually 

background-free analysis!
➳ Use invariant mass of same sign 

pair as discriminant*

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-34/
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CMS GeV scale resonance search

● Low mass resonance → 𝝁𝝁 
➳ Resonance searches are a powerful tool for 

searches for new physics
➳ Interpretation in dark-photon and 

extended Higgs sector models

● Strategy
➳ Trigger-level “scouting” analysis

➳ Dedicated triggers and 
        𝝁 identification for low mass

➳ Search range: around the J/𝛹 
and 𝜰 resonances

ZD

a

𝝁 

𝝁 

CMS-PAS-EXO-21-005

𝝁 

𝝁 

https://cds.cern.ch/record/2851121
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ATLAS dark photon search via ZH 
● Dark photons search in H → 𝜸𝜸d 

➳ Here H is m(H) = 125 GeV  

➳ 𝜸d can be massive or massless 

HDBS-2019-13

● Strategy
➳ Select events with Z→e-e+/𝝁-𝝁+  and 𝜸 
➳ Use MET + 𝜸  to calculate transverse mass 

➳ Use BDT to classify signal VS background

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-13/
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CMS search for DM particles in WW
CMS-PAS-EXO-21-012

● Search for DM particles in events 
with W+W-  + MET 
➳ Interpretation in the context of a dark Higgs model

● Strategy
➳ DM recoil against WW system

➳ Use MET + l to calculate transverse mass 

➳ Use BDT to classify signal VS background 

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-012/index.html


Summary
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Summary 

● Showed a select few new results from ATLAS and 
CMS on searches for BSM Higgs and  Dark Matter

➳ More exciting results on plenary and parallel talks!

● Collider searches for DM are a key piece of the puzzle
➳ Higgs boson is a powerful tool for searching for new physics 

● Results shown here use datasets from Run 2 of the LHC
➳ Stay tuned for results based on the ongoing Run 3!  
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ATLAS H++H-- search 
● Search for doubly-charged Higgs bosons

➳ Motivated in extended Higgs sector models, 

𝝂-mass models (type-2 seesaw models), others. 
➳ e/𝝁 channels
➳ Same sign lepton pairs

● Strategy
➳ Separate analysis depending 

on number of leptons 
reconstructed

➳ Use invariant mass of same 
sign pair as discriminant*

Conf. Note in CERN Document Server 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-34/
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H++H-- : selection cuts 
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H++H-- : Fake and non prompt selection 
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H++H-- : Fake and non prompt selection 
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H++H-- : Limits per channel
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H++H-- : Systematics
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CMS scouting search: systematics
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CMS GeV scale resonance search
PAS in CERN Document Server 

● Low mass resonance → 𝝁𝝁 
➳ Resonance searches are a powerful tool for 

searches for new physics
➳ Generic search ⤑ assume only narrow resonance 
➳ Interpretation in dark-photon and 

extended Higgs sector models

● Strategy
➳ Trigger-level “scouting” analysis

➳ Dedicated triggers and 
        𝝁 identification for low mass

➳ Search range: around the J/𝛹 
and 𝜰 resonances

https://cds.cern.ch/record/2851121
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CMS DM search in WW events: preselection, mT
Di-leptonic

Semi-leptonic
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CMS search for DM particles in WW
PAS in CERN Document Server 

● Search for DM particles in events with W+W-  and MET 
➳ Interpretation in the context of a dark Higgs model
➳ Analysis of full Run 2 data set

● Strategy
➳ Select 1 or 2 e/𝝁 (semi/di-leptonic)

➳ Calculate transverse mass from l and MET 

➳ Use BDT to classify signal VS background in 

semi-leptonic channel

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-012/index.html
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ATLAS dark photon search in ZH: event selection
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ATLAS dark photon search via ZH 
● Dark photons searched in H → 𝜸𝜸d 

➳ 𝜸d motivated in both particle physics and 

cosmological models 
➳ Analysis uses full Run 2 dataset

Article in CERN Document Server 

● Strategy
➳ Find events with Z→e-e+/𝝁-𝝁+  and 𝜸 
➳ Calculate transverse mass from 𝜸 and MET ~ mH

➳ Use BDT to classify signal VS background

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-13/
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