
Signal region combination and other 
new features in CheckMATE

Krzysztof Rolbiecki

University of Warsaw



Contents

1. CheckMATE overview

2. Implementation of searches with multibin SRs

3. Application: pushing limits for electroweakinos

4. Summary and outlook



Contents

1. CheckMATE overview

2. Implementation of searches with multibin SRs

3. Application: pushing limits for electroweakinos

4. Summary and outlook



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 (not particularly stable)

• 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
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Light SUSY dark matter



Search strategies



"Multijet" search by ATLAS



Also try CMS multijet

• CMS-SUS-19-006 with multibin fir – 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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