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CheckMATE is 12 years old!

https://arxiv.org/abs/2104.04542

https://arxiv.org/abs/1611.09856

https://arxiv.org/abs/1503.01123

https://arxiv.org/abs/1312.2591

https://arxiv.org/abs/2507.08565

https://github.com/CheckMATE2/checkmate2 2over 800 citations in total!

https://arxiv.org/abs/2104.04542
https://arxiv.org/abs/1611.09856
https://arxiv.org/abs/1503.01123
https://arxiv.org/abs/1312.2591
https://arxiv.org/abs/2507.08565
https://github.com/CheckMATE2/checkmate2
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LHC timeline
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Still a long road ahead!



Monte Carlo tools & discoveries at the (HL)LHC
Searches for new TeV-scale physics still 

one of the main goals in the coming years

ÅTheoretical model building offers a vast number of models with particles in the 
LHC reach
ÅExperimental papers cover only a small fraction of existing models
ÅWe need tools to cover the gap and: assess viability of models, guide future 

searches, looking for blind spots
ÅComputer tools are essential: Monte Carlo generators, fast detector 

simulators, cross section calculators
ÅWe need tools to analyze MC output easily and compare it quickly and reliably 

with existing experimental exclusions

This is the main purpose of recastingtools
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Reinterpretation/recasting in a nutshell
Signal events
in e.g., hepmc 

format

Tuned detector 
simulation,
e.g. Delphes

Analysis selection
Recast code

Coded analyses 
database

Lagrangian and 
parameters

Monte Carlo 
generator

Statistical evaluation:
Allowed or Excluded
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LHC Reinterpretation Working Group
The purpose of theREI WG is to discuss topics related to the BSM (re)interpretation of LHC data, 
including the development of the necessary public recasting tools and related infrastructure, and to 
provide a platform for a continued interaction between theorists and with the experiments. The recent 
topics:
Å the publication and reuse of statistical models
Å the reinterpretation of analyses that employ machine learning
Å global analyses and global fits
Å preservation of data and methods for replication/reanalysis in future: for aonce in a lifetime 

experiment, we want to make sureall the necessary information is provided and understandable for 
people outside of a particular analysis

https://indico.cern.ch/event/1466101/
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https://lpcc.web.cern.ch/content/lhc-rei-wg
https://indico.cern.ch/event/1466101/


Reinterpretation codes on the market
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Full analysis flow

borrowed from Tomek Procter10
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Recasting in practice from LEP to LHC

Lundstrom, Gustafsson, Edsjo, arXiv:0810.3924Espirito Santo ea. DELPHI PHYS 928 (2003) 12

Small mass 
difference unconstrained

Inert doublet model:
(version of two Higgs 
doublets model)

Supersymmetry

https://arxiv.org/abs/0810.3924
https://delphi-www.web.cern.ch/pubxx/delnote/public/2003_002_phys_928.pdf


Small mass gap revisited

J. Lahiri, T. Robens, KR, arXiv:2511.23133SUSY-2018-16 13

https://arxiv.org/abs/2511.23133
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ÅCheckMATEis a general tool for recasting arbitrary model
ÅAccepts events as .hepmc, .lhe; integration with Pythia andMadGraph
Åbased on Delphes for detector simulation
Åusingexisting LHC searches calculates a limit on a given parameter point
ÅFromSLHA file to the limit in one click
Åone can easily constrain models that were not covered in the original 

ATLAS/CMS search
Åcurrently more than 50 searches at 13TeVcoded, including 25 with full Run 2 

luminosity
Ålong-lived particles branch
Åhttps://checkmate.hepforge.org/ and https://github.com/CheckMATE2/checkmate2
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https://checkmate.hepforge.org/
https://checkmate.hepforge.org/
https://github.com/CheckMATE2/checkmate2
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Particle detector in a nutshell
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Detector simulation
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CheckMATE: ATLAS analyses
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CheckMATE: CMS analyses

The list much shorter compared to ATLAS...
Å From start CheckMATE was based on collaboration with ATLAS so the ties 

are still stronger
Å ATLAS is by default releasing reinterpretation material for all SUSY searches: 

cutflows, simplified analysis code, efficiencies etc., what makes recasting 
much easier (big effort from CMS to change that though)

Å Many searches very similar (on the other hand combinations are tempting...)
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Construction of likelihoods

ÅProbability model with analysis-specific and analysis-independent terms

ÅWith expected yields modelled by

Åh and c are unconstrained and constrained parameters
ÅWe are after m  unconstrained parameter of interest

ATL-PHYS-PUB-2019-029
22

Can have hundreds of nuisance (auxiliary) parameters!

https://cds.cern.ch/record/2684863
https://cds.cern.ch/record/2684863
https://cds.cern.ch/record/2684863
https://cds.cern.ch/record/2684863
https://cds.cern.ch/record/2684863
https://cds.cern.ch/record/2684863
https://cds.cern.ch/record/2684863
https://cds.cern.ch/record/2684863
https://cds.cern.ch/record/2684863


HistFactory: JSON specification
ÅToy model: single channel with two bins
ÅUncorrelated backgrounds with 10% and 20% 

uncertainty
ÅSingle measurement specified as POI
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Innocent start, the 
files can be tens of 
MB in size!



Simplified likelihoods

ÅATLAS
Åbackground model is approximated with a single background sample, 

representing the total SM background rate
Åbackground rate obtained in the background-only fit in the full likelihood
Åthe complete set of nuisance parameters in the original full likelihood is 

reduced to a single constrained parameter a, representing the post-fit 
uncertainty on the total SM background estimate in each bin
Åconstrained by a Gaussian G(a = 0|aЯШ͚ШӀШΝьШċŰĬШŔƚШĦŸƖƖĲũċƣĲĬШŸƻĲƖШċũũШĤŔŰƚШ

in each channel
Åaim: computation efficiency; but lower statistical  precision 

ATL-PHYS-PUB-2021-038
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https://cds.cern.ch/record/2782654
https://cds.cern.ch/record/2782654
https://cds.cern.ch/record/2782654
https://cds.cern.ch/record/2782654
https://cds.cern.ch/record/2782654
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https://cds.cern.ch/record/2782654
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Simplified likelihoods

ÅCMS
Åbackground contributions correlated between bins
Åprobability to observe ni events given by

Åfull likelihood given by multivariate Gaussian distribution

Åwhere q are nuisance parameters to model background uncertainty
ÅV is covariance matrix for the expected background contributions

CMS-NOTE-2017-001
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https://cds.cern.ch/record/2242860
https://cds.cern.ch/record/2242860
https://cds.cern.ch/record/2242860
https://cds.cern.ch/record/2242860
https://cds.cern.ch/record/2242860
https://cds.cern.ch/record/2242860
https://cds.cern.ch/record/2242860


Implemented searches
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Options available to the user

Spey package 
preferred for 
evaluation;
arxiv:2307.06996
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https://github.com/SpeysideHEP/spey
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Performance considerations
ÅSeveral backends supported for multicore calculations
ÅSignificant improvement compared to single core numpy
ÅFurther improvement with GPU support
ÅBelow an example (time in seconds) for atlas_2101_01629 т a 

moderately complex statistical model (gluino pair production, final 
state qqqqWW+2LPSs)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-10/index.php


SUSY-2018-32 (atlas_1908_08215)

ÅSlepton/chargino pair production
ÅHigh-mass limit, direct decays
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-32/index.php
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-32/index.php
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-32/index.php
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-32/index.php
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-32/index.php


SUSY-2018-22 (atlas_2010_14293)

ÅStrong SUSY production,
squarks and gluinos
ÅDirect and indirect decays
ÅCut-and-count + BDT signal regions
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-22/index.php
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-22/index.php
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-22/index.php
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-22/index.php
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-22/index.php


HIGG-2018-26 (atlas_2111_08372)

ÅAssociated HZ production:
ÅInvisible Higgs decays
ÅDark matter in 2HDMa

32

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-26/index.php
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-26/index.php
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-26/index.php
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-26/index.php


SUS-19-005 (cms_1909_03460)

ÅHadronic BSM, 1-10 jets + MET
ÅJets based MT2 variable
ÅLarge correlation matrix:

282 signal bins
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-19-005/
https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-19-005/
https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-19-005/
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-19-005/


EXO-20-004 (cms_2107_13021)

ÅExotics search:
ÅMono(>=1)-jet + MET
ÅDark matter, leptoquarks
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https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-004/
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Available analyses with ML event selection

ÅATLAS-SUSY-2018-30 b-jets + MET, ONNX (Rivet, CheckMATE)
ÅATLAS-SUSY-2018-22 jets + MET, ROOT TMVA (CheckMATE)
ÅATLAS-SUSY-2019-04 RPV jets + leptons, ONNX (CheckMATE, 

Rivet, MadAnalysis5, Gambit)
ÅATLAS-SUSY-2019-02 leptons + MET, ROOT MVAUtils (CheckMATE)
ÅATLAS-HIGP-2024-32 triple Higgs (6b), ONNX (Rivet, CheckMATE)
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SUSY-2018-30 (atlas_2211_08028)

ÅSearch for gluinos decaying to 3rd generation quarks

ÅFinal state: at least 4 jets, at least 3 b-tagged jets, MET,0-1 
leptons (more allowed in NN analysis)

Å8 NN signal regions: 4 for gluino decaying to top pair and 4 
for gluino decaying to bottom pair (still it is one net)

ÅThe choice of the desired SR is via the last three inputs 
(I.e. decay type, and target masses)

ÅThe NN has 87 input parameters: jet (small and large R) 
momenta, lepton momenta, MET and b-tag category 
(binary)

ÅThe output gives separate background and signal 
probabilities
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Validation

ÅReasonable agreement across all 
channels
ÅThe efficiency somewhat lower but 

similar and consistent effect also seen 
for cut-and-count analysis 
ÅThis is still a preprint so not too much 

material for comparison and testing was 
rather quick (nothing changed actually)
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BDT Validation

ÅTrue signal is Gtt mgluino = 2400, 
mneut = 1000
ÅTarget signal for Gtt-2300-1200
ÅLess compatible with Gbb as it should 

be
ÅThe last bin pronounced for Gbb but the 

cutoff is at 0.9993 so the acceptance is 
actually very low
ÅNo figures from ATLAS for comparison

39



Validation

ÅReasonable agreement (within 30%) for 
b-squarks
ÅDisagreement mainly due to b-tagging 

efficiency (not specifically tuned)

ÅBetter yet for t-squarks (note a 
complicated final state)
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SUSY-2018-22 (atlas_2010_14293)

ÅSearch for squarks and gluinos
ÅFinal state: 2-6 jets + MET
ÅPrincipal variables: meff  , leading jet pT and MET
ÅMulti-bin signal regions
Å8 boosted decision tree SRs, targeting gluino production 

with
direct and indirect decays
ÅBDT weights released as .xml files for using with ROOT 

Toolkit for Multivariate Data Analysis -- TMVA
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-22/index.php
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Validation

ÅGenerally excellent 
agreement

ÅHere example for model-
independent discovery 
channels

ÅSee Iñaki's talk for details of 
multi -bin fits and validation

ÅFull note:

checkmate.hepforge.org
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https://checkmate.hepforge.org/validationNotes/validation_atlas_conf_2019_040.pdf


BDT input
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BDT validation

ÅEach SR targets direct gluino 
decays for specific range in 
̍ů = mg т mneut

ÅGGd1:̍ů = 1600-1900 GeV

ÅGGd2:̍ů= 1000-1400 GeV

ÅGGd3:̍ů= 600-1000 GeV

ÅGGd4:̍ů= 200-600 GeV

ÅOverall, very good agreement

ÅNo specific exclusion contour to 
compare with

A = ATLAS; C = CheckMATE
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BDT output comparison т preferred for validation

Å Both signal regions show good agreement
Å GGd1 = direct decay; GGo1 = one step decay
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ATLAS HHH->6b
Key features:
NN classifiers motivated by3 scenarios: 
SM т non-resonant
TRSM т resonant and non-resonant
simplified т heavy resonant
statistical evaluation: fit of NN output 
histograms in SR and CR

ATLAS provided: 
Åthe statistical model in HS3 format (first time in BSM) 
Åthe NN in ONNX format; 
ÅSimpleAnalysis code
Åmany validation histograms (including for features)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-32/ 48

Independent measurement of quartic coupling!

https://gitlab.cern.ch/atlas-sa/simple-analysis/-/blob/master/SimpleAnalysisCodes/src/ANA-HIGP-2024-32.cxx?ref_type=heads
https://gitlab.cern.ch/atlas-sa/simple-analysis/-/blob/master/SimpleAnalysisCodes/src/ANA-HIGP-2024-32.cxx?ref_type=heads
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-32/
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