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Last BSM overview 
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Latest Higgs BSM Searches
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The Higgs: A tool for probing beyond

08.10.2024 Brendan Regnery 

■ It’s been 12 years since the Higgs 
discovery and there is still so 
much to learn
■ Are there also charged higgs? Or 

light pseudo-scalars?

■ Link to dark matter? to extra 
dimensions?

■ 2 Higgs Doublet - an answer to the 
matter/antimatter asymmetry
■ Increased interest from slight 

excesses

■ Supersymmetry?

MSSM

NMSSM

Add Higgs doublet to SM

Additional Higgs 
doublet

Additional Higgs 
singlet

hSM

hSM H a H±

hSM X(H1) Y(H2) 
a1 a2 H

±

2HDM

Warped extra dimensions? 
(Graviton, Radion)
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ATLAS Light Charged Higgs (1/2)
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■ BDT based search
■ 26 input features
■ Different BDT for each mass point

■ Maximum likelihood fit to BDT score 
distribution

ATLAS HDBS-2020-11

BDTs … 
power in simplicity

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2020-11/
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ATLAS Light Charged Higgs (2/2)
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ATLAS HDBS-2020-11

■ Motivated by a previous intriguing 
result… ATLAS HDBS-2019-24

Local: 3σ

Global: 2.5
σ

First limits for  t→H±b, H±→cs
Most stringent for masses 120 to 160 GeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2020-11/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-24/
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ATLAS Heavy Higgs
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■ Combined with multilepton channel

■ One or two opposite sign electrons/muons

■ Search conducted using GNN scores in bins 
based on jet multiplicity

■ Limits on tan(𝛽) for different mass hypotheses

ATLAS-EXOT-2022-013

Described more in this talk

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2022-13/
https://indico.cern.ch/event/1360294/contributions/6077658/
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CMS Heavy Higgs
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■ Single and dilepton channels

■ Excess observed in low mtt

■ Compatible with heavy pseudoscalar or top 
bound state (singlet)

CMS-HIG-22-013

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-013/index.html
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ATLAS Light pseudoscalar
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■ Appears in extensions of the Higgs sector, dark 
matter models, hidden sector models, … 

■ Each optimized with NN parameterized as a 
function of ma

9 search categories (based on decays) 
3 bins in pNN(ma) based on S/B ratioATLAS-HDBS-2021-07

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-07/
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CMS Light pseudoscalar
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■ H->aa->ττττ and ->µµττ

■ 2 dimensional fit in bins of reconstructed ‘a’ 
mass

CMS-SUS-24-002

Strong exclusion on type-II 2HDM+S
between 4 and 9 GeV

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-24-002/index.html
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CMS Higgs + Y Resonance (1/2)
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■ Excitement triggered by previous 2.8 global 
excess (3.8 local) at X=650 GeV Y=90 GeV

■ X→HY→(H→𝛾𝛾)(Y→bb)

■ Search for X→HY→bbbb

The 
excitement

New 
search

X H

https://link.springer.com/article/10.1007/JHEP05(2024)316
https://link.springer.com/article/10.1007/JHEP05(2024)316
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CMS Higgs + Y Resonance (2/2)
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■ No significant excesses observed

■ 650 GeV bin does not show the same excess

■ Expected and observed limits (with comparison 
to maximally allowed values in NMSSM)

CMS-HIG-20-012

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-012/index.html
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Latest Higgs BSM Summaries
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ATLAS Resonant Di-Higgs Summary
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■ Combination of full run 2 
resonant di-higgs search results

■ No excess observed after 
combination

■ Can be used to constrain:
■ Type-I 2 Higgs doublet model

■ Minimal supersymmetric standard 
model

■ (see paper for constraints)

Often use a radion or graviton from warped 
extra dimensional theories ATLAS-HDBS-2023-17Comprehensive review

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2023-17/
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CMS Resonant Di-Higgs Summary
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CMS-B2G-23-002

Comprehensive review

https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-23-002/index.html
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CMS Higgs + Y Resonance Summary
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CMS-B2G-23-002
■ No excesses 

observed after 
combination

■ Combination filled 
with many 
interpretations

■ NMSSM, 2HDM, 
etc.

https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-23-002/index.html
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Latest Supersymmetry Constraints
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CMS pMSSM
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■ First CMS SUSY combination 
with full run 2 results

■ Searches at CMS interpreted to 
constrain 19 parameter 
phenomenological MSSM

■ “Survival probability” 
= fraction of masses that have not 
been excluded for a mass bin

Lightest 
electroweakino Gluino

Top squark Bottom squark

CMS-SUS-24-004

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-24-004/index.html
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ATLAS hMSSM
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■ Constraining the 
supersymmetric Higgs sector 
using:
■ Higgs branching ratio 

constraints 

■ Heavy Higgs results

■ Many more detailed plots 
included in the interpretation

ATLAS-PHYS-PUB-2024-008

Described more in this talk

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-008/
https://indico.cern.ch/event/1360294/contributions/6077658/
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And a fourth generation? (or sort of)
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ATLAS Vector-like Quarks
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Observed Expected

■ Combination of single 
VLQ production

■ No significant excess 
observed

■ Limits set for singlets 
(left) and doublets
■ Set on coupling 

constant 𝜅
ATLAS-EXOT-2021-02

Most restrictive 
limits to date

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2021-02/
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CMS Vector-like Quarks (Combination)
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■ Combination of T’ 
single production

■ Combination of BB 
pair production
■ Singlet (top)

■ Doublet (bottom)

■ Review complete with 
current CMS run 2 
VLQ searches 

CMS-EXO-23-006Probing many unexplored regions of 
parameter space

https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-23-006/index.html
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CMS Vector-like Quarks
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Summary of 
current CMS 
VLQ results 
(LHCP 2024)

Single and pair 
production



Bogdan Topko – bogdan.topko@kit.edu Institute of Experimental Particle Physics25 08.10.2024 Brendan Regnery 

Looking to Run 3 (and Beyond)
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LHCb Triggers for Long Lived Particles (1/2)
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■ For run 3 and beyond, LHCb now 
has a fully software trigger 

■ 2 stages: HLT1 and HLT2

■ Long and upstream tracks have 
tracks in the VELO

■ Downstream tracks are 
reconstructed outside the VELO
■ Potential LLP decays

■ T tracks also being used!
■ Motivated by CMS and ATLAS LHCb Dark Photons 

LHCb LLP Sensitivity

https://indico.cern.ch/event/1340162/contributions/5883476/attachments/2856678/4997996/Dark%20Photons.pdf
https://arxiv.org/abs/2312.14016
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LHCb Triggers for Long Lived Particles (2/2)
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■ Triggers competitive 
with LLP specific 
experiments

■ HNLs coupling 
exclusively to ve

■ ALPs coupled to 
fermions

■ All projected limits!

■ More in the paper!

LHCb Dark Photons 
LHCb LLP Sensitivity

https://indico.cern.ch/event/1340162/contributions/5883476/attachments/2856678/4997996/Dark%20Photons.pdf
https://arxiv.org/abs/2312.14016
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The Upgrades
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Track triggering outer tracker
RadHard pixel detector New MIP Timing Detector

5D High Granularity 
Calorimeter

Improved muon system
with more coverage 

Numerous electronic, trigger, and DAQ 
upgrades to handle increased rates
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Many more results  
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■ ATLAS-EXOT-2020-26 

■ ATLAS-EXOT-2022-04 

■ ATLAS-EXOT-2018-55 

■ ATLAS-EXOT-2022-33 

■ ATLAS-HDBS-2023-19

■ ATLAS-HDBS-2019-19

■ ATLAS-HDBS-2021-03

■ CMS-SUS-23-003

■ CMS-B2G-22-005

■ CMS-B2G-23-004

■ CMS-EXO-22-013

■ CMS-EXO-23-010

■ CMS-EXO-23-015

■ CMS-EXO-24-007

Recent ATLAS Results Recent CMS Results

Talk on EFT before 
mine

More Higgs BSM 

More BSM in QCD@LHC

Ultra-peripheral heavy 
ion collisions

Recent LHCb Results

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-26/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2022-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-55/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2022-33/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2023-19/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-19/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-03/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-22-005/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-22-013/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-010/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-015/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-007/index.html
https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://cms-results.web.cern.ch/cms-results/
https://indico.cern.ch/event/1360294/contributions/6077658/
https://indico.cern.ch/event/1360294/contributions/5782079/
https://indico.cern.ch/event/1360294/contributions/5782079/
https://lhcb.web.cern.ch/lhcb_page/collaboration/organization/editorial_board/description_lhcb_document_collections%202022.html
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Did we find BSM physics???
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Did we find BSM physics???

“A particle physics graduate 
student working on a computer in 
an office at CERN” 
- computer generated with Bing image creator

No

But there is a lot of data to 
go through in run 3

And we are about to have 
new experiments capable 
of observing collisions like 
never before
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Back Up


