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Goal of this tutorial

• How to use Public Analysis Database (PAD) for setting exclusion limits 
to your new theory 

❖ Getting/understanding exclusion limits 

❖ Implementing TH uncertainties 

❖ HL extrapolations & treating background uncertainties  

• Discussion
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Prerequisites

• Please download the latest version of MadAnalysis 5 from this link. 

• Make sure that following packages are installed; 

❖  FastJet (use install fastjet command in ma5) 

❖ Zlib (use install zlib command in ma5) 

❖ PADForSFS (use install PADForSFS command in ma5) 

❖ SciPy (please install via pip install scipy) 

❖ PAD (optional, this requires separate installation of ROOT and Delphes. Use install PAD 
command in ma5.) 

❖ Pyhf (optional, use install pyhf command in ma5)
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https://code.launchpad.net/~ma5dev/madanalysis5/v1.9_beta


./bin/ma5
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ma5> install zlib 

ma5> install fastjet 

ma5> install PADForSFS 

ma5> install matplotlib 

ma5> install numpy

From your terminal: 

> pip install numpy 

> pip install scipy

Important for PAD

Important for running Ma5

Important for generating reports in Ma5
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Reinterpreting the results of 
the LHC



Reinterpreting the results of the LHC
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Signal Events 
(STDHEP or HEPMC format)

Detector Simulation

Recast

Exclusion limit 
calculation

C++

Cut-flows  

 uncertainties

Public Analysis 
Database ++;

SFS@Ma5 or Delphes

6

Validation

TH uncertainties, HL 
extrapolations, simplified/full 

likelihoods

http://madanalysis.irmp.ucl.ac.be/wiki/PublicAnalysisDatabase
http://madanalysis.irmp.ucl.ac.be/wiki/PublicAnalysisDatabase


Reinterpreting the results of the LHC
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Coming from MadGraph

ma5> set defaultset.scale_XX_variation : declaration of the unphysical scale uncertainties on the system  

ma5> set defaultset.pdf_XX_variation : declaration of the PDF uncertainties on the system 

ma5> set defaultset.pdf_variation : symmetric uncertainty envelops for PDF 

ma5> set defaultset.scale_variation : symmetric uncertainty envelops for scale uncertainties

./bin/ma5   -R

JYA, Frank, Fuks [EPJC ‘20]
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Reinterpreting the results of the LHC
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ma5> set main.recast.error_extrapolation : How to extrapolate error on the 
background to higher luminosity.  

‣Linear: Uncertainties on the background are assumed to be dominated by 
systematical error 

‣Sqrt: Uncertainties on the background are assumed to be dominated by 
statistical error 

‣Experimental error assumptions :  where  is the estimation of 

systematic uncertainty and  is the estimation of statistical uncertainty; e.g.  
ma5> set main.recast.error_extrapolation = 0.2 0.15

κ2
1 +

κ2
2

nb
κ1

κ2

ma5> set main.recast.THerror_combination : How to combine 
theoretical uncertainties, linearly or in quadrature. 

ma5> set main.recast.add.systematics : Add desired possible 
systematic uncertainty values on the signal

ma5> set main.recast.add.extrapolated_luminosity: Add desired luminosity values 
(in fb ) for the results to be extrapolated−1
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Theoretical uncertainties & error combination (scale & PDF) 
Systematic uncertainties 
HL extrapolation 
Experimental error extrapolation (systematic or statistical) 
Experimental error extrapolation assumption

JYA, Frank, Fuks [EPJC ‘20]

https://inspirehep.net/files/9def5041116865b637de71eb017c3245
https://inspirehep.net/files/9def5041116865b637de71eb017c3245
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Submit, choose the analysis 
that you like to recast.  

Get some coffee…
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Reinterpreting the results of the LHC
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madanalysis5/MY_ANALYSIS/Output/SAF/CLs_output_summary.dat



Reinterpreting the results of the LHC
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madanalysis5/MY_ANALYSIS/Output/SAF/CLs_output_summary.dat

ma5> import my_smp.hepmc.gz as my_fancy_name

Tells you which signal region in which analysis Final cut 
efficiency Statistical error

Systematic error 
given by the user



Reinterpreting the results of the LHC
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Best region is the region 

 ratio is maximized 

among all regions

NSignal

NExpected

Expected exclusion cross 
section with  [pb]95 % CL

Observed exclusion cross 
section with  [pb]95 % CL Exclusion confidence level



Reinterpreting the results of the LHC
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Best region is the region 

 ratio is maximized 

among all regions

NSignal

NExpected

Expected exclusion cross 
section with  [pb]95 % CL

Observed exclusion cross 
section with  [pb]95 % CL Exclusion confidence level

Recalculated exclusion -band 
for scale and combined scale  

PDF uncertainties

CLs
⊕

Recalculated exclusion -band 
for combined TH and systematic 

uncertainties

CLs



Reinterpreting the results of the LHC
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madanalysis5/MY_ANALYSIS/Output/SAF/defaultset/CLs_output_lumi_300.000.dat

Best region is the region 

 ratio is maximized 

among all regions

NSignal

NExpected

Expected exclusion cross 
section with  [pb]95 % CL

Observed exclusion cross 
section with  [pb]. 
But there is no observed 

data at HL so its -1.

95 % CL
Exclusion confidence level

Recalculated exclusion -band 
for scale and combined scale  

PDF uncertainties

CLs
⊕

Recalculated exclusion -band 
for combined TH and systematic 

uncertainties

CLs
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Time for Questions!


