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Disclaimer
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Very broad topic
• Dozens of new results every week

• 25-minute talk

• Subjective choices to be made 
➙ A lot of interesting papers not covered 

• SUSY-connected picks 
➙ It is a SUSY conference! 
➙ Choices have been made…
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Where are we with SUSY ?
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Searches for SUSY will continue (during Run 3 and beyond)
•Great: SUSY ⬌ test ground for many BSM theories 
➙ Shared signatures with numerous models
•Requires ability to reproduce the analyses
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Searches for SUSY will continue (during Run 3 and beyond)
•Great: SUSY ⬌ test ground for many BSM theories 
➙ Shared signatures with numerous models
•Requires ability to reproduce the analyses

Reinterpretation based on Simplified Model Spectra (SMS)
•Decomposition of theory signatures into SMS signatures
• Fiducial cross sections on the basis of public efficiency maps
•Comparison to published upper bounds 
➙ Validation: reproduction of existing bounds
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•Often conservative (different kinematics, asymmetric decays)
•Rather fast, fair estimates of bounds

https://doi.org/10.1140/epjc/s10052-014-2868-5
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•Often conservative (different kinematics, asymmetric decays)
•Rather fast, fair estimates of bounds

Detector simulation

Recast

Limit setting

Public 
material

Monte Carlo events

Coding

SM exp. Data

Valid
atio

n

Reinterpretation based on simulations
•Detector modelling mimicking ATLAS / CMS
•Development of full frameworks 
➙ Implementations of searches (and validation) 
➙ Event yields from simulated signals

https://doi.org/10.1140/epjc/s10052-014-2868-5
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Validating LHC recast in public tools
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[ A
thron et al. (EP

JC
`19) ]

COLLIDERBIT:  constraints
with recursive jigsaw

W̃/B̃

Excellent agreement with ATLAS

•Wino/bino scenarios (  decays into EW bosons)

•Not necessarily easy to get

•Using the ‘best expected region’ 
➙ Often off when correlations matter

W̃

https://doi.org/10.1140/epjc/s10052-019-6837-x
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[ A
thron et al. (EP

JC
`19) ]

COLLIDERBIT:  constraints
with recursive jigsaw

W̃/B̃

Excellent agreement with ATLAS

•Wino/bino scenarios (  decays into EW bosons)

•Not necessarily easy to get

•Using the ‘best expected region’ 
➙ Often off when correlations matter

W̃

Better limit settings procedures
• Signal region combination 
➙ CMS correlation matrices (Gaussian-approximate likelihoods)

ℒS(μ, θ) =
N

∏
i=1

(μsi + bi + θi)ni e−(μsi+bi+θi)

ni!
exp (−

1
2

θTV−1θ)

➙ ATLAS (full) PYHF likelihoods

[ CMS-NOTE-2017-001; Buckley et al. (JHEP`19) ]

[ Heinrich, Feickert, Stark & Cranmer (JOSS’21) ]
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MADANALYSIS5:  constraints with 
standard ewkino variables

W̃/B̃
[ A

lguero, A
raz, B

F &
 K

ram
l (SciPost`22) ]

Combination mandatory
•Wino/bino scenarios 

(  decays into EW bosons) 

• 100+ SRs; signal over ≠SRs

• Sensitivity reduced with the 
‘best region’ only
•Covariance matrices and 

PYHF models crucial

W̃

https://doi.org/10.1140/epjc/s10052-019-6837-x
https://cds.cern.ch/record/2242860
https://doi.org/10.1007/JHEP04(2019)064
https://doi.org/10.21105/joss.02823
https://doi.org/10.21468/SciPostPhys.14.1.009
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SMS-based public tools
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SMS-based
• SMODELS [O(100) analyses, from GITHUB]

★Validation example (ATLAS-SUSY-2018-32) 
➙  scenario with 2 leptons and  
➙ PYHF model crucial

W̃/B̃ ET

[ Kraml et al. (EPJC’14); Alguero et al. (JHEP’22) ]
[ Altakach et al. (SciPost’24) ]

•Dark photons: DARKCAST [from GITLAB]
[ Ilten et al. (JHEP’18) ]

[ Alguero et al. (JHEP’22) ]

SMODELS

Talk by Y. Villamizar

https://github.com/SModelS/smodels
https://doi.org/10.1140/epjc/s10052-014-2868-5
https://doi.org/10.1007/JHEP08(2022)068
https://doi.org/10.21468/SciPostPhys.16.4.101
https://gitlab.com/philten/darkcast
http://dx.doi.org/10.1007/JHEP06(2018)004
https://doi.org/10.1007/JHEP08(2022)068
https://indico.cern.ch/event/1354279/contributions/5950353/attachments/2873322/5031739/smodels-v3-going-beyond-z2-topologies-SUSY-2024.pdf
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SMS-based public tools
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SMS-based
• SMODELS [O(100) analyses, from GITHUB]

★Validation example (ATLAS-SUSY-2018-32) 
➙  scenario with 2 leptons and  
➙ PYHF model crucial

W̃/B̃ ET

[ Kraml et al. (EPJC’14); Alguero et al. (JHEP’22) ]
[ Altakach et al. (SciPost’24) ]

•Dark photons: DARKCAST [from GITLAB]
[ Ilten et al. (JHEP’18) ]

[ Alguero et al. (JHEP’22) ]

SMODELS

Application: Dirac gauginos at the LHC
• Model not considered by ATLAS/CMS 
➙ Full scan of the EW sector of the model 
➙ Varied constraints (EWPT, relic density, etc.)

• Points excluded by SMODELS (with r ≥ 1) 
➙ DM funnels 
➙ Larger set of analyses than other tools

• Comparison with full recasts (from MADANALYSIS 5) 
➙ SMS approach more conservative and faster 
➙ Full recasts sensitive to complex spectra/signatures

[ Goodsell, Kraml, Reyes-Gonzàlez & Williamson (SciPost’20) ]

Talk by Y. Villamizar

https://github.com/SModelS/smodels
https://doi.org/10.1140/epjc/s10052-014-2868-5
https://doi.org/10.1007/JHEP08(2022)068
https://doi.org/10.21468/SciPostPhys.16.4.101
https://gitlab.com/philten/darkcast
http://dx.doi.org/10.1007/JHEP06(2018)004
https://doi.org/10.1007/JHEP08(2022)068
https://doi.org/10.21468/SciPostPhys.9.4.047
https://indico.cern.ch/event/1354279/contributions/5950353/attachments/2873322/5031739/smodels-v3-going-beyond-z2-topologies-SUSY-2024.pdf
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Simulation-based; detector modelling with transfer functions
•COLLIDERBIT [O(40) analyses, from HEPFORGE]
•HACKANALYSIS [O(10) analyses, from IN2P3]

★Validation example (CMS-EXO-19-010) 
➙ Disappearing tracks and winos 
➙ Cut-flow comparisons

•MADANALYSIS5/SFS [O(15) analyses, from GITHUB/MA5DATAVERSE]
•RIVET [O(30) analyses, from HEPFORGE]

Simulation-based public tools

6

[ Balász et al. (EPJC`17) ]

[ Araz, BF & Polykratis (EPJC`21) ; Araz, BF, Goodsell & Utsch (EPJC`22) ]
[ Buckley et al. (2010); Bierlich et al. (SciPost`20) ]

[ Goodsell & Priya (EPJC`22) ]

HACKANALYSIS

[ G
oodsell &

 P
riya (EP

JC
`22) ]

Talks by A. Feike,

A. Kvellestad, T. Murphy

https://gambit.hepforge.org
https://goodsell.pages.in2p3.fr/hackanalysis/
https://github.com/MadAnalysis/madanalysis5
https://dataverse.uclouvain.be/dataverse/madanalysis
https://rivet.hepforge.org/
http://dx.doi.org/10.1140/epjc/s10052-017-5285-8
https://doi.org/10.1140/epjc/s10052-021-09052-5
https://doi.org/10.1140/epjc/s10052-022-10511-w
http://dx.doi.org/10.1016/j.cpc.2018.06.023
https://dx.doi.org/10.21468/SciPostPhys.8.2.026
https://doi.org/10.1140/epjc/s10052-022-10188-1
https://doi.org/10.1140/epjc/s10052-022-10188-1
https://indico.cern.ch/event/1354279/contributions/5950470/attachments/2874411/5033936/SUSY_2024_Feike.pdf
https://indico.cern.ch/event/1354279/contributions/5966394/attachments/2874781/5034184/Kvellestad_SUSY_2024.pdf
https://indico.cern.ch/event/1354279/contributions/5950486/attachments/2874664/5033925/Murphy_SUSY24.pdf


Benjamin Fuks - 14.06.2024 - Beyond the Standard Model physics at colliders
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•COLLIDERBIT [O(40) analyses, from HEPFORGE]
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★Validation example (CMS-EXO-19-010) 
➙ Disappearing tracks and winos 
➙ Cut-flow comparisons

•MADANALYSIS5/SFS [O(15) analyses, from GITHUB/MA5DATAVERSE]
•RIVET [O(30) analyses, from HEPFORGE]

Simulation-based public tools

6

[ Balász et al. (EPJC`17) ]

[ Araz, BF & Polykratis (EPJC`21) ; Araz, BF, Goodsell & Utsch (EPJC`22) ]
[ Buckley et al. (2010); Bierlich et al. (SciPost`20) ]

Simulation-based; DELPHES 3 detector modelling
•MADANALYSIS 5 [O(50) analyses, from GITHUB/MA5DATAVERSE] 
•CHECKMATE [O(50) analyses, from GITHUB]

★Validation example (CMS-EXO-16-022) 
➙ Displaced stop in an  pair
➙ Detailed information crucial

eμ

[ Derks et al. (CPC`17) ]
[ Dumont, BF, Kraml et al. (EPJC`15) ]
[ Conte & BF (IJMPA`19) ]

CHECKMATE

[ Desai et al. (EPJC’21) ]

[ Goodsell & Priya (EPJC`22) ]

HACKANALYSIS

[ G
oodsell &

 P
riya (EP

JC
`22) ]

Talks by A. Feike,

A. Kvellestad, T. Murphy

https://gambit.hepforge.org
https://goodsell.pages.in2p3.fr/hackanalysis/
https://github.com/MadAnalysis/madanalysis5
https://dataverse.uclouvain.be/dataverse/madanalysis
https://rivet.hepforge.org/
http://dx.doi.org/10.1140/epjc/s10052-017-5285-8
https://doi.org/10.1140/epjc/s10052-021-09052-5
https://doi.org/10.1140/epjc/s10052-022-10511-w
http://dx.doi.org/10.1016/j.cpc.2018.06.023
https://dx.doi.org/10.21468/SciPostPhys.8.2.026
https://doi.org/10.1016/j.cpc.2017.08.021
https://doi.org/10.1140/epjc/s10052-014-3242-3
https://doi.org/10.1142/S0217751X18300272
https://github.com/MadAnalysis/madanalysis5
https://dataverse.uclouvain.be/dataverse/madanalysis
https://github.com/CheckMATE2/checkmate2/tree/v3.0beta
https://doi.org/10.1016/j.cpc.2017.08.021
https://doi.org/10.1140/epjc/s10052-022-10188-1
https://doi.org/10.1140/epjc/s10052-022-10188-1
https://indico.cern.ch/event/1354279/contributions/5950470/attachments/2874411/5033936/SUSY_2024_Feike.pdf
https://indico.cern.ch/event/1354279/contributions/5966394/attachments/2874781/5034184/Kvellestad_SUSY_2024.pdf
https://indico.cern.ch/event/1354279/contributions/5950486/attachments/2874664/5033925/Murphy_SUSY24.pdf
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Recasting SUSY searches to study… SUSY
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LHC recasting
• Constraining SUSY models 
➙ Beyond those addressed in LHC searches 
➙ Minimal and non-minimal setups
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SUSY and the MSSM are not excluded!
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Typical MSSM searches at the LHC (with R-parity)
•Missing energy and visible objects (jets, leptons, etc.)  
➙ Stringent bounds deep in the TeV regime 
➙ Both for strong and EW superpartners  

 constraints with jets, 
leptons and MET

g̃

[ ATLAS (2024) ]

 constraints with jets, 
leptons and MET

W̃/B̃

[ CMS (PRD’24) ]

https://doi.org/10.1103/PhysRevD.109.112001
https://doi.org/10.48550/arXiv.2403.02455
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Typical MSSM searches at the LHC (with R-parity)
•Missing energy and visible objects (jets, leptons, etc.)  
➙ Stringent bounds deep in the TeV regime 
➙ Both for strong and EW superpartners  

 constraints with jets, 
leptons and MET

g̃

[ ATLAS (2024) ]

 constraints with jets, 
leptons and MET

W̃/B̃

[ CMS (PRD’24) ]

Is SUSY in bad shape ?
•Not really: MSSM-inspired simplified models 
➙ Most superpartners decoupled 
➙ Specific decay table 
➙ Simplistic scenarios

• Signatures typically more complex 
➙ Constraints not necessarily that strong

• Example: EWino search recasts with SMODELS 
➙ Scan over {M1, M2, μ, tan β}

[ Altakach, Kraml, Lessa, Narasimha, Pascal et al. (SciPost’24) ]

hino

winoLSP, non excluded scenariosB̃−

https://doi.org/10.1103/PhysRevD.109.112001
https://doi.org/10.48550/arXiv.2403.02455
https://doi.org/10.21468/SciPostPhys.16.4.101
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A few words on soft lepton excesses…
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ATLAS-SUSY-2018-16: Soft di-lepton + 
• Selection (the second lepton could be a track) 
➙ 1OSSF pair +  + at least 1 hard jet 
➙ Object isolation, , jigsaw, etc.; bins in  
➙ PYHF model file
•Recasting challenges 
➙ Using RESTFRAMES (cf. jigsaw variables) ≡ strong impact on exclusions 
➙ Event generation details important for compressed spectra 
➙ Validated recast in HACKANALYSIS (MADANALYSIS5 in progress)

• Equivalent CMS search: CMS-SUS-18-004 

ET

ET
mT mℓℓ

[ Agin, BF, Goodsell & Murphy (2024) ]

positive 
masses

positive/negative 
masses

flat phase 
space (PYTHIA)

ATLAS-SUSY-2019-09: 3 leptons + 
• Selection 
➙ 3 leptons including 1 OSSF pair + small/large  + with/without jets 
➙ Object isolation, lepton properties, on-shell/off-shell Z boson; bins in  
➙ PYHF model file

•Recasting challenges 
➙ Event generation details important for compressed spectra 
➙ Validated recast in HACKANALYSIS (MADANALYSIS5 in progress)

• Equivalent CMS search: CMS-SUS-18-004 

ET

ET
mℓℓ

W̃/B̃

[ A
gin, B

F, G
oodsell &

 M
urphy (2024) ]

https://arxiv.org/abs/2404.12423
https://arxiv.org/abs/2404.12423
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Constraints/impact on realistic SUSY models
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A lot of pheno interests in those excesses
• Interpretation in various models 
➙ Realistic or less simplified MSSM scenarios 
➙ NMSSM setups 
➙ Non-SUSY models

•Connection with other observables 
➙ Dark matter, Higgs and flavour physics, (g − 2)μ,e

Talks by S. Heinemeyer, T. Murphy

https://indico.cern.ch/event/1354279/contributions/5950490/attachments/2873977/5032610/sven-neu2-cha1-excesses.pdf
https://indico.cern.ch/event/1354279/contributions/5950486/attachments/2874664/5033925/Murphy_SUSY24.pdf
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A lot of pheno interests in those excesses
• Interpretation in various models 
➙ Realistic or less simplified MSSM scenarios 
➙ NMSSM setups 
➙ Non-SUSY models

•Connection with other observables 
➙ Dark matter, Higgs and flavour physics, (g − 2)μ,e
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 ]

 ( ) MSSM scenariosW̃/B̃ mχ̃ > 0

MSSM scan of the EW sector
• Large set of constraints  
➙ LHC  
➙ DM relic and DD bounds 
➙  [ ⚠ no new lattice results]

• Points in red 
➙ Could explain the excess 
➙ Tuning  ≡ new  value

Δaμ

mℓ̃ Δaμ

Talks by S. Heinemeyer, T. Murphy

https://arxiv.org/abs/2403.14759
https://indico.cern.ch/event/1354279/contributions/5950490/attachments/2873977/5032610/sven-neu2-cha1-excesses.pdf
https://indico.cern.ch/event/1354279/contributions/5950486/attachments/2874664/5033925/Murphy_SUSY24.pdf
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A lot of pheno interests in those excesses
• Interpretation in various models 
➙ Realistic or less simplified MSSM scenarios 
➙ NMSSM setups 
➙ Non-SUSY models

•Connection with other observables 
➙ Dark matter, Higgs and flavour physics, (g − 2)μ,e
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 ( ) MSSM scenariosW̃/B̃ mχ̃ > 0

MSSM scan of the EW sector
• Large set of constraints  
➙ LHC  
➙ DM relic and DD bounds 
➙  [ ⚠ no new lattice results]

• Points in red 
➙ Could explain the excess 
➙ Tuning  ≡ new  value

Δaμ

mℓ̃ Δaμ

NMSSM scan
• -like LSP (cf. DM) ⬌ 4 light ewkinos

• Excess compatibility can accommodate DM 
➙ cf. best fit points
•Monojet bounds in principle complementary 
➙ Existing excesses 
➙ Common explanation unclear

S̃

 ( ) NMSSM scenariosS̃/H̃ mχ̃ ≶ 0
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Wh2 = 0.12±20%

DM UNDERABUNDANT

DM OVERABUNDANT

Results in NMSSM with singlino-higgsino LSP

ATLAS 3¸ expected
ATLAS 3¸ observed
ATLAS 2¸ expected

ATLAS 2¸ observed
ATLAS 2¸ best point
ATLAS 2¸ second-best point

[ A
gin, B

F, G
oodsell &

 M
urphy (2024) ]

ATLAS-2ℓ

ATLAS-3ℓ

exp.
obs.

no bounds
from monojets?

Talks by S. Heinemeyer, T. Murphy

https://arxiv.org/abs/2403.14759
https://arxiv.org/abs/2404.12423
https://indico.cern.ch/event/1354279/contributions/5950490/attachments/2873977/5032610/sven-neu2-cha1-excesses.pdf
https://indico.cern.ch/event/1354279/contributions/5950486/attachments/2874664/5033925/Murphy_SUSY24.pdf
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More realistic models ⬌ more complex signatures
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More realistic scenarios - general features
• Several states possibly light and relevant 
➙ Even true within simplified models
• Impact on BSM signal modelling

Examples: SM +  + /
•Three-component signal at the LHC:  +  + 

• Impact on multijet +  searches 
➙ ATLAS-SUSY-2018-22: jets, effective mass, jet/met relative properties 
➙ CMS-SUS-19-006: jets, inclusive  search

q̃ B̃ W̃
pp → q̃q̃* q̃(*) χ̃ χ̃χ̃

ET

HT /HT Talk by A. Feike

https://indico.cern.ch/event/1354279/contributions/5950470/attachments/2874411/5033936/SUSY_2024_Feike.pdf
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More realistic scenarios - general features
• Several states possibly light and relevant 
➙ Even true within simplified models
• Impact on BSM signal modelling

Examples: SM +  + /
•Three-component signal at the LHC:  +  + 

• Impact on multijet +  searches 
➙ ATLAS-SUSY-2018-22: jets, effective mass, jet/met relative properties 
➙ CMS-SUS-19-006: jets, inclusive  search

q̃ B̃ W̃
pp → q̃q̃* q̃(*) χ̃ χ̃χ̃

ET

HT /HT

SM +  +  & ATLAS-SUSY-2018-22ũL /d̃L W̃
[ Lara,  B

uanes, M
aselek, N

ojiri, et al. (JH
EP

’22) ]

exp.

obs.

SM +  +  & CMS-SUS-19-006ũR B̃

[ Feike, Fiaschi, B
F, K

lasen &
 N

euw
irth (2024) ]

obs.

exp.

•All signal components needed 
➙  always matters 
➙  matters  
    ( -LSP scenarios only)
•Bounds underestimated 

significantly 
➙ Gain on : 100-1000 GeV 

➙ Gain on : 100s GeV

pp → q̃χ̃
pp → χ̃χ̃
W̃

mq̃

mχ̃

Talk by A. Feike

https://arxiv.org/abs/2403.11715
https://doi.org/10.1007/JHEP10(2022)150
https://indico.cern.ch/event/1354279/contributions/5950470/attachments/2874411/5033936/SUSY_2024_Feike.pdf
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DM simplified models - beyond SUSY

12

Signal modelling even more crucial for some DM simplified models
• t-channel DM, SUSY-inspired but with relaxed couplings 
➙ X ≡ Majorana DM;    Y ≡ ;    𝝀 freeq̃

XX YY
q

 Y

X

q
_

X

q
 Y

X

g  Y

XY

 Y q

q
_ X

g
 Y

g  Y

 Y

 Y

• All signal components to be included in LHC simulations 
➙ Y pairs (QCD + non-QCD diagrams) 
➙ DM pairs 
➙ Associated pairs (XY)

• Example: 𝝀≃3.5 (cosmology favoured); CMS-SUS-19-006 (inclusive )HT /HT
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Signal modelling even more crucial for some DM simplified models
• t-channel DM, SUSY-inspired but with relaxed couplings 
➙ X ≡ Majorana DM;    Y ≡ ;    𝝀 freeq̃

XX YY
q

 Y

X

q
_

X

q
 Y

X

g  Y

XY

 Y q

q
_ X

g
 Y

g  Y

 Y

 Y

• All signal components to be included in LHC simulations 
➙ Y pairs (QCD + non-QCD diagrams) 
➙ DM pairs 
➙ Associated pairs (XY)

• Example: 𝝀≃3.5 (cosmology favoured); CMS-SUS-19-006 (inclusive )HT /HT

[ A
rina, B

F, H
eisig, K

räm
er, M

antani &
 Panizzi (P

R
D

’23) ]

Naive simulations ⬌ bounds underestimated by 2 TeV!

•QCD-induced ‘squark production’: 

• Full ‘squark production’:  
• Light DM: associated production important

MY ≲ 800 GeV
MY ≲ 3 TeV BSM signal correct 

modelling crucial

https://doi.org/10.1103/PhysRevD.108.115007
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Theory-driven combinations
• Beyond those done in experiments

• Could be done in a good enough manner 
➙ Has to be conservative  
➙ Ideas on global status of models
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The TACO approach - testing analysis correlations
• One step further:  combination of analyses 
➙ Overlap matrix ≡ approximate correlation matrix 
➙ Path finding (set of non-overlapping regions) 
   [weighted hereditary depth-first search algorithm] 

[ Araz, Buckley, BF et al. (SciPost`23) ]

Talk by A. Feike

https://scipost.org/SciPostPhys.14.4.077
https://indico.cern.ch/event/1354279/contributions/5950470/attachments/2874411/5033936/SUSY_2024_Feike.pdf
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The TACO approach - testing analysis correlations
• One step further:  combination of analyses 
➙ Overlap matrix ≡ approximate correlation matrix 
➙ Path finding (set of non-overlapping regions) 
   [weighted hereditary depth-first search algorithm] 

[ Araz, Buckley, BF et al. (SciPost`23) ]

Majorana DM+   vs.  jets+q̃ ET

27,000 ATLAS wino models 
265 SUSY SRs

Application 1: the ATLAS 2015 pMSSM-19 scan
• 100s SRs: a few matter
• Going beyond ATLAS/CMS combinations
• Always a specific driving SR 
➙ Not powerful enough alone 
➙ O(10) regions combined

Application 2: t-channel DM
• Considered analyses: jets +  
➙ Combination possible (non-overlapping SRs exist)

• Advantage of quantified measure of overlap  
➙ with respect to a naive guess

ET

Talk by A. Feike

https://scipost.org/SciPostPhys.14.4.077
https://indico.cern.ch/event/1354279/contributions/5950470/attachments/2874411/5033936/SUSY_2024_Feike.pdf
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[ Altakach, Kraml, Lessa, Narasimha, Pascal et al. (SciPost’24) ]

The SMODELS approach
• Overlap matrix pre-defined from 3 assumptions 
➙ Analyses from different runs non-overlapping 
➙ ATLAS and CMS analyses non-overlapping 
➙ SR definitions scrutinised 
➙ Inter-analysis correlations ignored

• Subset of most sensitive analyses ➙ best combination

https://doi.org/10.21468/SciPostPhys.16.4.101
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[ Altakach, Kraml, Lessa, Narasimha, Pascal et al. (SciPost’24) ]

The SMODELS approach
• Overlap matrix pre-defined from 3 assumptions 
➙ Analyses from different runs non-overlapping 
➙ ATLAS and CMS analyses non-overlapping 
➙ SR definitions scrutinised 
➙ Inter-analysis correlations ignored

• Subset of most sensitive analyses ➙ best combination

Application: the ewkino sector
• Scan over   [O(20k) points]
• Colour code ≡ different combinations 
➙ Better coverage of the different parameter space regions 
➙ Combination more relevant for light states

• Pros:  
➙ Better assessment of the sensitivity 
➙ Compensation of over/under fluctuations

• Beware: overlap matrix determined from assumptions 
➙ Also with TACO: unavoidable

{M1, M2, μ, tan β}

1 analysis

2 analyses5-6 analyses

8 analyses

https://doi.org/10.21468/SciPostPhys.16.4.101
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New player: four-top production

16

Four-top production is coming…
• Already run 2 SM measurements 
➙ Large room for BSM physics

• Precision with run 3

• Useful for SUSY (despite of no ) 
➙ Dirac gluinos!

ET
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Heavy new states
• EFT operators (beyond the SMEFT)
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BSM impact on four-top production
•Resonant effects (light states) 
➙ Associated and pair production contributions 
➙ Different kinematics ⬌ two handles

•Non-resonant effects (heavy states)
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• EFT operators (beyond the SMEFT)
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CMS-TOP-18-003

•Run 2 measurement of 

• 14 SRs: cf. (b-)jet/lepton multiplicities

•HT spectra measured 
➙ BSM-improvement: high-HT bin

σtttt

[ Darmé & BF (MPLA’21) ]

[ Darmé, BF & Goodsell (PLB’18) ]

•MADANALYSIS 5 implementation

https://doi.org/10.1016/j.physletb.2018.08.001
https://doi.org/10.1142/S021773232141008X
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Recasting four-top measurements
•Mass limits  1.10 TeV 
➙ Pair-production driven 
➙ Up to 1.5 TeV @ HL-LHC 
➙ Stronger bounds for large Yukawas
• EFT approach not viable 
➙ Typical  too large wrt 𝜦 

➙ Overly conservative 
•Competitive with other searches 
➙ Connection with stops

≳

s

[ Darmé, BF & Maltoni (JHEP’21) ] [ Carpenter, Murphy & Smilie (JHEP’22) ]

jets+ET

lep
to

ns
+jet

s+
E T

dijet pairs

https://doi.org/10.1007/JHEP01(2022)047
https://doi.org/10.1007/JHEP09(2021)143
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[ Darmé, BF & Maltoni (JHEP’21) ] [ Carpenter, Murphy & Smilie (JHEP’22) ]
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Sgluons heavy ⬌ boosted four-top production
•Reconstruction of the four-top system 
➙ Reconstruction of boosted and leptonic tops 
➙ Tagging 3/4 tops + SS2L cases 
➙ 66% of all signal event tagged!

•Tailored cuts (pair/associated production) 
➙ Pair of resonance constraints (pair) 
➙ Top relative direction constraints (single)

[ 
D

ar
m

é,
 B

F,
 L

i e
t 

al
. (

20
24

) ]

•Reaching 2 TeV @ HL-LHC 
➙ Even for small Yukawas

https://doi.org/10.1007/JHEP01(2022)047
https://doi.org/10.1007/JHEP09(2021)143
https://arxiv.org/abs/2404.14482
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SUSY searches ⬌ excellent templates for BSM searches
• Large set of shared signatures with numerous models
•Crucial to reproduce analyses (aka LHC recasting)

A lot of development over the past decade
•Two classes of public tools (SMS or simulation based)
•Validation ⬌ detailed material  
➙ Great progress over the years! 
➙ Being transparent crucial
•Combination of SRs/analyses now possible
•ML-based searches ⬌ the next frontier 
➙ ONNX-released networks 
➙ Already available in some tools [not covered here]

LHC recasting paves the way to interesting studies
•Non-simplified models; non-minimal models
•Understanding excesses [soft leptons? monojets? extra scalars?]

Reproducibility
• Key principle in the scientific method

• Need for the TH/EXP communities to move together


