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Why simplified models?

• Realistic new physics models tend to 
involve many new parameters, for 
example the Minimal Supersymmetric 
Standard Model ~ 100

• This makes the interpretation and 
design of searches difficult

• The purpose of simplified models is to 
reduce the number of parameters: 
include only a few particles and 
interactions of a full model with fixed 
branching fractions



Benchmark MSSM example



Example: supersymmetry



The purpose of simplified models

A simplified model is specifically designed to involve only a few new particles 
and interactions. They are limits of more general new physics scenarios, 
where all but a few particles are integrated out.

• Identifying the boundaries of search sensitivity:
one- and two-dimensional slices within a simplified model can illustrate 
these boundaries very clearly and help to identify kinematic ranges

• Characterizing new physics signals:
simplified models can be a starting point for identification of observed 
signal with different realistic models

• Deriving limits on more general models:
the initial assessment within a simplified model should be followed by a 
dedicated recasting study



Example: gluino simplified models – jets+MET



Simplified model summary

• Simplified models cover a small and often unrealistic part of the models 
and parameters landscape

• Simplified models provide an easy parametrization in terms of just a few 
parameters e.g., 2-3 masses, perhaps a branching fraction (but often 100%)

• Hundreds of searches for supersymmetry but other models used to be less 
popular (this is changing though)

• Provide a clear link in terms of limits between particular topologies and 
final states e.g.: jets + MET, jets + lepton + MET, jets + lepton...

• Simplified models were never meant as a final word in searches for TeV-
scale physics

• A quick way of recasting searches optimized for simplified models is 
essential in the quest for new physics



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



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 

parameters

Monte Carlo 
generator

Statistical evaluation:
Allowed or Excluded
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CheckMATE

• 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

https://checkmate.hepforge.org/
https://github.com/CheckMATE2/checkmate2




CheckMATE: ATLAS analyses



CheckMATE: CMS analyses

The list shorter than for ATLAS but expanding, with three new full 
luminosity searches added recently
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ATLAS multibin searches

• Implementation using pyhf
• Most searches available with 

full and simplified likelihoods
• Full likelihood evaluation 

tends to be time consuming, 
one can opt for CLs-only 
calculation

• Full hadronic search 
2010.14293 has all control 
regions implemented

ATL-PHYS-PUB-2021-038
ATL-PHYS-PUB-2019-029

http://cds.cern.ch/record/2782654
https://cds.cern.ch/record/2684863


CMS multibin searches

• Implementation with ROOT workspace in python3

• Optional constraint for signal numbers: for many bins it's difficult to get 
reasonable statistics which results in large MC-related errors



CMS multibin searches

Additional features:

• Spey wrapper – very good stability compared to ROOT 
implementation, good agreement between both methods

• Possible extension to combine different searches/experiments with 
Spey

• Some flexibility left regarding error treatment

https://speysidehep.github.io/spey/comb.html


Validation



Validation



Contents

1. From simplified models to recasting

2. CheckMATE overview
3. Implementation of searches with multibin SRs
4. Application: pushing limits for electroweakinos
5. Summary and outlook



Light SUSY dark matter



Search strategies



"Multijet" search by ATLAS



Also try CMS multijet

• CMS-SUS-19-006 with multibin for – different selections wrt ATLAS



Head-to-head comparison

ATLAS CMS

MT2 search preliminary results also 
very strong (not shown in the plot)
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Summary and Outlook

• Multibin limits available in 12 ATLAS and CMS searches

• Good agreement with published results

• In most cases reasonable evaluation time - for parameter space scans

• Extension to combinations of different searches/experiments 
straightforward

• New limits from hadronic final states on electroweakinos are very 
promising – important for future colliders

• More to come from CMS MT2 hadronic search





Comparison of different error treatment
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