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

one of the main goals in the coming years

• Theoretical model building offers a vast number of models with particles in the 
LHC reach

• Experimental papers cover only a small fraction of existing models
• We need tools to cover the gap and: assess viability of models, guide future 

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

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

with existing experimental exclusions
This is the main purpose of 

recasting tools 4



Reinterpretation/recasting in a nutshell
Signal events
in e.g., hepmc 

format

Tuned detector 
simulation,

Delphes 3 or PGS

Analysis selection
Recast code

Coded analyses 
database

Lagrangian 
and 

parameter
s

Monte Carlo 
generator

Statistical evaluation:
Allowed or Excluded
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LHC Reinterpretation Working Group
The purpose of the REI 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:
• the publication and reuse of statistical models
• the reinterpretation of analyses that employ machine learning
• global analyses and global fits
• preservation of data and methods for replication/reanalysis in future: for a once in a lifetime 

experiment we want to make sure all 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/


Example: SUSY search in IDM scenario

J. Lahiri, T. Robens, KR, to appearSUSY-2018-16

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-16/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-16/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-16/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-16/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-16/
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• CheckMATE is a general tool for recasting arbitrary model
• Accepts events as .hepmc, .lhe; integration with Pythia and MadGraph
• based on Delphes for detector simulation
• using existing LHC searches calculates a limit on a given parameter point
• From SLHA file to the limit in one click
• one can easily constrain models that were not covered in the original 

ATLAS/CMS search
• currently more than 40 searches at 13 TeV coded, including 14 with full 

luminosity
• long-lived particles branch
• https://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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Detector simulation
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CheckMATE: ATLAS analyses
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CheckMATE: CMS analyses

The list much shorter compared to ATLAS...
• From start CheckMATE was based on collaboration with ATLAS 

so the ties are still stronger
• ATLAS is by default releasing reinterpretation material for all 

SUSY searches: cutflows, simplified analysis code, efficiencies 
etc., what makes recasting much easier

• Many searches very similar (on the other hand combinations are 
tempting...) 13
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● Robust Independent Validation of Experiment & Theory

● A tool to preserve the logic of particle physics data 
analyses and encourage expt-pheno collaboration

● Validation of MC tools

● Put simply, Rivet replicates the experiments’ event analysis on “truth” MC.

○ Simple, intuitive “event loop” to apply selections.

○ Event graphs (from different tools) are complex! Put 
all tools in one place.

○ Normally starts from hepmc

■ For certain analyses, can run from LHE.

■ Within ATLAS, can be run on EVNT

■ Easy to run “on-the-fly” from several generators (Pythia, Sherpa, ++)

○ Avoid cheating! Use fiducial final state where possible.

What is Rivet (1)?

→Paper, →Webpage

https://rivet.hepforge.org/
https://doi.org/10.48550/arXiv.2404.15984
https://rivet.hepforge.org/


● Vast library of measurements of final state particles, and derived variables

○ Mostly collider physics (not just LHC!), some cosmic-ray.

○ Originally designed for MC generator val/tuning

○  More than 2000 total analyses! 
(lots of examples to help get you started!)

● C++ core with Python executables

● The “LHC standard” MC analysis toolkit

○ Central to ecosystem of analysis 
reinterpretation tools, linking 
experiment to theory 

What is Rivet (2)?

→Contur →Professor→YODA

https://rivet.hepforge.org/
https://rivet.hepforge.org/
https://rivet.hepforge.org/
https://yoda.hepforge.org/
https://hepcedar.gitlab.io/contur-webpage/
https://professor.hepforge.org/
https://yoda.hepforge.org/
https://hepcedar.gitlab.io/contur-webpage/
https://professor.hepforge.org/
https://professor.hepforge.org/


● → detector smearing available (and performs well!)

→ Many easy-to-use defaults for ATLAS/CMS, fully customisable if 
required.

● Easy-to-use interface to ONNX for NNs and BDTs*

→ E.g. ATLAS_2022_I2182381(SUSY multi-b jets with NN)

Rivet: not just for unfolded measurements!

→ “Tuned” jet-substructure smearing

*including MVAUtils BDTs and lwtnn NNs via petrifyML!

https://gitlab.com/hepcedar/rivet/-/blob/release-4-1-x/analyses/pluginONNX/ATLAS_2022_I2182381.cc?ref_type=heads
https://arxiv.org/abs/1910.01637
https://arxiv.org/abs/1910.01637
https://arxiv.org/abs/1910.01637
https://arxiv.org/abs/2509.11830


● → Example: jet substructure 

○ ATLAS published unfolded and detector-level substructure measurements in one paper (1903.02942)

○ Great testing ground for RIVET smearing functions!

● Process:

○ Implement selections (with/without smearing)
○ Implement substructure variables (LHA, D2, ECF,++)
○ Run on our own MC to get results (very good!)

● If we want to use this for BSM predictions:
○ Run our BSM MC sample through the analysis
○ Get an output histogram
○ Compare to measured data and expected SM background 

to get
an exclusion!

○ (n.b. the unfolded version of this analysis is used in CONTUR)

Rivet: not just for unfolded measurements!

→ “Tuned” jet-substructure smearing

https://arxiv.org/abs/1903.02942
https://arxiv.org/abs/1910.01637
https://arxiv.org/abs/1910.01637
https://arxiv.org/abs/1910.01637
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ATLAS HHH->6b
Key features:
NN based in 3 scenarios: 
SM – nonresonant
TRSM – resonant and nonresonant
simplified – heavy resonant

ATLAS provided: 
• the statistical model in HS3 format; 
• the NN in ONNX format; 
• SimpleAnalysis code

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

see more: Osama Karkout talk

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


ATLAS HHH->6b: recasting challenges
• Complex input variables for NN – but poorly described

• First use of HS3 format in recasting:
The HS3 (HEP Statistics Serialization Standard) is an emerging, language-agnostic, and software-
independent format designed to standardize statistical models, datasets, and analysis components for 
High Energy Physics (HEP). Its format is JSON-based, making it human-readable while also being 
machine-readable for direct use by statistical software across different frameworks. The goal of HS3 is to 
improve interoperability and data preservation by providing a common, machine-readable 
representation for sharing and preserving statistical analysis components like models, datasets, and 
likelihoods

https://www.google.com/search?q=language-agnostic&oq=hs3+format&gs_lcrp=EgZjaHJvbWUqBggBECMYJzIGCAAQRRg5MgYIARAjGCcyBwgCEAAY7wUyBwgDEAAY7wUyBwgEEAAY7wUyBwgFEAAY7wUyCggGEAAYgAQYogTSAQgzODMyajBqN6gCALACAA&sourceid=chrome&ie=UTF-8&mstk=AUtExfAOXZH9nX0cZF20Yb4LQEEyupykl-RXzgYBSEJItmGSOXXcFmt0tIuV_tCVVrGUOkHto03aczco-B9FFRPb0bMrxle--5o_HqkvqoUigsLNmo0dq1jyYSjgLKXTv8urQ1XwErRXOs6NZ2uGJ17finwPOG1tBzh8O-LyTy527AvrkNA&csui=3&ved=2ahUKEwjZm6OV1_mPAxUJExAIHZRABJkQgK4QegQIARAC
https://www.google.com/search?q=language-agnostic&oq=hs3+format&gs_lcrp=EgZjaHJvbWUqBggBECMYJzIGCAAQRRg5MgYIARAjGCcyBwgCEAAY7wUyBwgDEAAY7wUyBwgEEAAY7wUyBwgFEAAY7wUyCggGEAAYgAQYogTSAQgzODMyajBqN6gCALACAA&sourceid=chrome&ie=UTF-8&mstk=AUtExfAOXZH9nX0cZF20Yb4LQEEyupykl-RXzgYBSEJItmGSOXXcFmt0tIuV_tCVVrGUOkHto03aczco-B9FFRPb0bMrxle--5o_HqkvqoUigsLNmo0dq1jyYSjgLKXTv8urQ1XwErRXOs6NZ2uGJ17finwPOG1tBzh8O-LyTy527AvrkNA&csui=3&ved=2ahUKEwjZm6OV1_mPAxUJExAIHZRABJkQgK4QegQIARAC
https://www.google.com/search?q=language-agnostic&oq=hs3+format&gs_lcrp=EgZjaHJvbWUqBggBECMYJzIGCAAQRRg5MgYIARAjGCcyBwgCEAAY7wUyBwgDEAAY7wUyBwgEEAAY7wUyBwgFEAAY7wUyCggGEAAYgAQYogTSAQgzODMyajBqN6gCALACAA&sourceid=chrome&ie=UTF-8&mstk=AUtExfAOXZH9nX0cZF20Yb4LQEEyupykl-RXzgYBSEJItmGSOXXcFmt0tIuV_tCVVrGUOkHto03aczco-B9FFRPb0bMrxle--5o_HqkvqoUigsLNmo0dq1jyYSjgLKXTv8urQ1XwErRXOs6NZ2uGJ17finwPOG1tBzh8O-LyTy527AvrkNA&csui=3&ved=2ahUKEwjZm6OV1_mPAxUJExAIHZRABJkQgK4QegQIARAC
https://www.google.com/search?q=software-independent+format&oq=hs3+format&gs_lcrp=EgZjaHJvbWUqBggBECMYJzIGCAAQRRg5MgYIARAjGCcyBwgCEAAY7wUyBwgDEAAY7wUyBwgEEAAY7wUyBwgFEAAY7wUyCggGEAAYgAQYogTSAQgzODMyajBqN6gCALACAA&sourceid=chrome&ie=UTF-8&mstk=AUtExfAOXZH9nX0cZF20Yb4LQEEyupykl-RXzgYBSEJItmGSOXXcFmt0tIuV_tCVVrGUOkHto03aczco-B9FFRPb0bMrxle--5o_HqkvqoUigsLNmo0dq1jyYSjgLKXTv8urQ1XwErRXOs6NZ2uGJ17finwPOG1tBzh8O-LyTy527AvrkNA&csui=3&ved=2ahUKEwjZm6OV1_mPAxUJExAIHZRABJkQgK4QegQIARAD
https://www.google.com/search?q=software-independent+format&oq=hs3+format&gs_lcrp=EgZjaHJvbWUqBggBECMYJzIGCAAQRRg5MgYIARAjGCcyBwgCEAAY7wUyBwgDEAAY7wUyBwgEEAAY7wUyBwgFEAAY7wUyCggGEAAYgAQYogTSAQgzODMyajBqN6gCALACAA&sourceid=chrome&ie=UTF-8&mstk=AUtExfAOXZH9nX0cZF20Yb4LQEEyupykl-RXzgYBSEJItmGSOXXcFmt0tIuV_tCVVrGUOkHto03aczco-B9FFRPb0bMrxle--5o_HqkvqoUigsLNmo0dq1jyYSjgLKXTv8urQ1XwErRXOs6NZ2uGJ17finwPOG1tBzh8O-LyTy527AvrkNA&csui=3&ved=2ahUKEwjZm6OV1_mPAxUJExAIHZRABJkQgK4QegQIARAD
https://www.google.com/search?q=software-independent+format&oq=hs3+format&gs_lcrp=EgZjaHJvbWUqBggBECMYJzIGCAAQRRg5MgYIARAjGCcyBwgCEAAY7wUyBwgDEAAY7wUyBwgEEAAY7wUyBwgFEAAY7wUyCggGEAAYgAQYogTSAQgzODMyajBqN6gCALACAA&sourceid=chrome&ie=UTF-8&mstk=AUtExfAOXZH9nX0cZF20Yb4LQEEyupykl-RXzgYBSEJItmGSOXXcFmt0tIuV_tCVVrGUOkHto03aczco-B9FFRPb0bMrxle--5o_HqkvqoUigsLNmo0dq1jyYSjgLKXTv8urQ1XwErRXOs6NZ2uGJ17finwPOG1tBzh8O-LyTy527AvrkNA&csui=3&ved=2ahUKEwjZm6OV1_mPAxUJExAIHZRABJkQgK4QegQIARAD


Validation: getting input variables right
Resonant model:

(mS, mX) = (275, 400)



Validation: getting input variables right
Heavy resonant model:

(mS, mX) = (700, 400)



Validation: limits on cross section
Non

ATLAS did not publish errors 
on HepData
We obtain errors from root 
workspaces – 2sigma 
ranges seem somewhat off 
for several points



Summary and outlook

• Implementation almost ready in CheckMATE and Rivet
• Good agreement in NN input variables
• Limits reproduced within 1sigma uncertainty (mostly)
• Ready for physics studies: TRSM, HEFT, other ideas?
• Recasting CMS 3H(6b) is very interesting, possible?
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