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What is MadAnalysis 5? 

MadAnalysis 5: a multi-purpose tool 

• Producing special plots such as 
ME/PS merging validation plots 

• Applying a fast-simulation 
detector (Delphes) to your 
hadronic events 

• Applying a jet-clustering 
algorithm to your 
hadronic events 

• Writing the events in 
another data format. 

• Recasting an existed 
analysis and computing a 
limit to a BSM signal 

• Designing a sophisticated 
analysis in the expert 
mode  
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• Histogramming and selection in 
the normal mode 

MadAnalysis5 : Functionalities



What is MadAnalysis 5? 

Python 
Interface 

(Multi)particle list 

UFO model 

User commands 
or script 

C++ kernel (SampleAnalyzer) 
+ Tools (such as FastJet) 

Working 
directory 

Librairies 

Main program and 
analysis codes 

Analysis results 

Final reports 

Samples 

Installation, 
compilation 
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Software architecture 

MadAnalysis5 : Functionalities

A Human Readable HTML/PDF is generated
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Signal events 
(STDHEP or HEPMC format) 

Physics 
Analysis 

Database 

DELPHES / 
DELPHESMA5TUNE 

C ++ 

Numbers of data and 
background events 

Recast selection 
(Expert Mode) 

Limit 
computation 

What is MadAnalysis 5? 

Eur.Phys.J. C74 
(2014) 3103 

MadAnalysis recasting way 

MadAnalysis5 : Functionalities

Analysis Specific Tunes : New



2. New core functionalities 
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• More options in the configuration file: madanalysis/input/installation_options.dat 

# ----GENERAL---- 
# tmp_dir = /tmp/toto/ 
# download_dir = /Users/fuks/Desktop/tmp 
# webaccess_veto = 0 # 0=No, 1=Yes 
 
# -----ROOT----- 
# root_veto     = 0 # 0=No, 1=Yes 
# root_bin_path = /home/toto/root/bin 
 
# -----MATPLOTLIB----- 
#matplotlib_veto = 0 # 0=No, 1=Yes 
 
# -----DELPHES----- 
# delphes_veto     = 0 # 0=No, 1=Yes 
# delphes_includes = /Users/fuks/Work/tools/madanalysis/bzr/v1.3beta/tools/RE_delphes/ 
# delphes_libs     = /Users/fuks/Work/tools/madanalysis/bzr/v1.3beta/tools/RE_delphes/ 
 
# -----DELPHESMA5TUNE----- 
# delphesMA5tune_veto     = 0 # 0=No, 1=Yes 
# delphesMA5tune_includes = /home/toto/delphesMA5tune/include 
# delphesMA5tune_libs     = /home/toto/delphesMA5tune/lib 
 
# -----ZLIB----- 
# zlib_veto     = 0 # 0=No, 1=Yes 
# zlib_includes = /usr/include 
# zlib_libs = /usr/lib 
 
# -----FASTJET----- 
# fastjet_veto     = 0 # 0=No, 1=Yes 
# fastjet_bin_path = 
/Users/fuks/Work/tools/madanalysis/bzr/v1.1.12beta/tools/fastjet/bin 
 
# -----PDFLATEX----- 
# pdflatex_veto = 0 # 0=No, 1=Yes 
 
# -----LATEX----- 
# latex_veto = 0 # 0=No, 1=Yes 

Installation card 
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Madanalysis 5: New methods

•Signal regions can  be defined as in the normal mode 
•Refactorized Code: compilation/linking improved  
•Automated Recasting.  
•Delphes interface modified to include both “narrow” 

and “fat”jets 
•New module for treating long lived particles. 
•A fresh new interface with MG5. 



2. New core functionalities 
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• Command for changing the graphical renderer: 
 
 

 
 

 
• When you launch an analysis, MadAnalysis 5 will save the histograms in scripts: 

• A C++ script for ROOT 
• A Python script for Matplotlib 
Æ Easy to tune your figures before publishing 
 

      This script can be found in the folder: <analysis folder>/Histos/selection_* 
 
       

ma5>set main.graphic_render = <program name> <program name> =  
root, matplotlib or none 

Graphical driver 

• For histogramming, there are 3 possibilities: 

• ROOT (version > 5.27) 

• MatPlotlib (version > 1.0.1) 

• None 

MadAnalysis 5 chooses at 
the beginning of the 

session the best program 
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3. Embedded in MG_aMC@NLO 
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The following switches determine which programs are run: 
/--------------------------------------------------------------------------------------------------\ 
|  1. Choose the shower/hadronization program:                           shower = Not installed    | 
|  2. Choose the detector simulation program:                          detector = Not installed    | 
|  3. Run an analysis package on the events generated:                 analysis = MADANALYSIS_5    | 
|  4. Decay particles with the MadSpin module:                          madspin = OFF              | 
|  5. Add weights to events for different model hypothesis:            reweight = OFF              | 
\--------------------------------------------------------------------------------------------------/ 

MG_aMC@NLO> install zlib 
MG_aMC@NLO> install MadAnalysis 

Collaboration work between MadGraph and MadAnalysis authors 
Special thank to Olivier & Valentin! 

MG_aMC@NLO 
MadAnalysis 5 

• Installing MadAnalysis 5 from MG_aMC@NLO console 

• Defining the physics process and launching the generation 

strongly advised 

arXiv:1405.0301 [hep-ph] 

MadAnalysis5 : FunctionalitiesMadanalysis 5: New Functionalities
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A database with MadAnalysis 5 implementations of LHC analyses  
https://madanalysis.irmp.ucl.ac.be/wiki/PublicAnalysisDatabase 

4. Status of the PAD 

B. Dumont et al, Eur. 
Phys. J. C75 (2015) 56 

Big work achieved by the PAD collaboration 

MadAnalysis5 : Functionalities

 python newAnalyzer.py cms_sus_14_001

will create and modify the necessary files for adding the analysis named cms_sus_14_001. In
particular, a pair of header and source C++ files cms_sus_14_001.cpp and cms_sus_14_001.h are
now available in the subdirectory PAD/Build/SampleAnalyzer/User/Analyzer. You can now either
implement the analysis yourself or replace the newly created files with those shared by somebody
else (or downloaded from the list below in case you do not use the automatic PAD installation from
above). For more detailed information, see here.

We strongly encourage users to publish their re-implemented LHC analyses via Inspire. This way
they become individually citable. (Send us an email with the Inspire link to integrate your analysis
in the PAD.) Recommendations regarding the proper validation are given in arXiv:1407.3278. Note
that for every analysis that is part of the PAD, a detailed validation note is required.

For any information on the implementation of an analysis, on the database or on the expert mode
of the program, please visit the 'Answers' section of our launchpad page.

Available Analyses

!! please properly cite all the re-implementation codes you are using; here are a !BibTeX
file and a file with plain !LaTeX format for this purpose !!

ATLAS analyses, 13 TeV

Analysis Short Description Implemented by Code Validation
note Version

ATLAS-SUSY-
2015-06

Multijet + missing
transverse momentum

S. Banerjee, B.
Fuks, B. Zaldivar Inspire PDF v1.3/Delphes3

ATLAS-EXOT-
2015-03 Monojet (3.2 fb-1) D. Sengupta Inspire PDF v1.3/Delphes3

ATLAS-EXOT-
2016-27 Monojet (36.1 fb-1) D. Sengupta To

appear To appear v1.6/Delphes3

ATLAS-EXOT-
2016-32 Monophoton (36.1 fb-1) S. Baek, T.H. Jung Inspire PDF v1.6/Delphes3

ATLAS-CONF-
2016-086

b-pair + missing
transverse momentum

B. Fuks & M.
Zumbihl Inspire PDF v1.6/Delphes3

Delphes card for ATLAS-CONF-2016-086
Delphes card for ATLAS-EXOT-2015-03 and ATLAS-SUSY-2015-06
Delphes card for ATLAS-EXOT-2016-27
Delphes card for ATLAS-EXOT-2016-32

CMS analyses, 13 TeV

Analysis Short Description Implemented
by Code Validation

note Version

CMS-SUS-
16-052

SUSY in the 1l + jets
channel (36 fb-1) D. Sengupta To

appear PDF v1.6/Delphes3

CMS-EXO-
16-037 Monojets (12.9 fb-1) B. Fuks & M.

Zumbihl
To
appear To appear v1.6/Delphes3

CMS-EXO-
16-010

Mono-Z-boson (2.3 fb-
1) B. Fuks Inspire To appear v1.6/Delphes3

Madanalysis 5: Public Analysis Database
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4. Status of the PAD 

• Installing the required framework within  
MadAnalysis 5.  
 

Æ All available analyses are automatically  
downloaded from the PAD. 

Æ 3 options: only Delphes-based analyses, only DelphesMA5tune-based analyses, or both. 
 

ma5>install PADForMA5tune ma5>install PAD 

ma5>set main.recast = on 

ma5>submit 
MA5: Would you like to edit the recasting Card ? (Y/N) 

Normal mode with 
the PYTHON console 

• Importing your signal samples 

• Activating the recasting mode 

 

• Launching the processing 
 

and/or 

MadAnalysis5 : Functionalities



Starts 20 Aug 2017, 09:00
Ends 27 Aug 2017, 13:05
Asia/Seoul

�
Benjamin Fuks
Seung Joon Lee
Tae Jeong Kim
pyungwon ko

The first MadAnalysis 5 workshop on LHC recasting @ KoreaThe first MadAnalysis 5 workshop on LHC recasting @ Korea

This workshop is intended to PhD students, postdocs,
junior and more senior researchers who have interests in
the development of publicly available tools and methods
for reinterpreting the results of the LHC. On top of general
featured lectures on new physics theories and
experimental collider physics aspects, the
program includes both lectures and practical hands-on
sessions on the reimplementation of an LHC analysis in
the MadAnalysis 5 framework. Moreover, a particular
attention is to be paid to the usage of such
reimplementations for constraining any model of physics
beyond the Standard Model.

The workshop format aims to form working groups of 5-6
people that will work together, both during the workshop
and in the following months, on a specific LHC analysis.
The tasks that are assigned to each working group will
range from the reimplementation, in the MadAnalysis 5
framework, of the analysis at stake, to its validation,
submission to our public analysis database and usage for
a concrete physics project.

Advisory committee: Eric Conte (GRPHE / Upper-Aslace U., France), Benjamin Fuks (LPTHE/UPMC,
Paris, France), Taejeong Kim (Hanyang University), Pyungwon Ko (KIAS), Hyun Min Lee (Chung-ang
University), Seung J. Lee (Korea University), Seong Chan Park (Yonsei University) & Hwi Dong Yoo
(Seoul National University)

MadAnalysis 5 crew: Samuel Bein  (U. Hamburg, Germany), Nicolas Bizot (IPN Lyon, France),
Guillaume Chalons (LPT Orsay, France), Eric Conte (GRPHE / Upper-Aslace U., France), Benjamin Fuks
(LPTHE/UPMC, Paris, France), Valentin Hirschi (ETH Zurich, Switzerland), Dipan Sengputa (Michigan
State University, East Lansing, USA), Jory Sonneveld (LPTHE, Paris, France), Giacomo Cacciapaglia
(IPN Lyon, France) & Hua-Sheng Shao (LPTHE, Paris, France)

The first MadAnalysis 5 workshop on LHC recasting @ Korea

20-27 August 2017
Asia/Seoul timezone

Search... �

� � �  $ � 	 � �� � 
 Asia/Seoul� . English� � Login

Overview

Timetable

Registration

Participant List

Practical information

Pre-workshop
requirements

School-cum-workshop on "Collider
Physics: Events, Analysis and QCD"

Department of Physics, IIT Guwahati 
27th – 31st March, 2017

Home   |   Accomodation   |   Venue   |   How to reach IIT Guwahati   |  
About Guwahati  | Programme  |   Contact  |   Poster

The workshop is partially funded by
Regional Centre for
Accelerator based
Particle Physics
(RECAPP) at the
Harish Chandra
Research Institute
(HRI), Allahabad

Department of
Science and
Technology (DST-
SERB), Govt. of
India

Institute of
Mathematical
Sciences (IMSc)
Chennai

...

The school cum workshop is intended to the PhD students, and postdoctoral fellows working in
collider physics (particles) phenomenology. The workshop will include discussion and hands on
sessions event generation (mostly WHIZARD), detector level analysis ( mostly MadAnalysis).
Importance of QCD at hadron colliders, and how to handle it, as well as radiative corrections
relevant to both hadronic as well as leptonic colliders will be discussed.

Topics Speakers Special Talks by

Parton Distribution
Functions
Radiative Corrections
NLO QCD
Collider Physics
WHIZARD event
generator
Detector level analysis
with MadAlanysis.

Benjamin Fuks, LTPHE,
UPMC, Paris
Prakash Mathews, SINP,
Kolkata
V. Ravindran, IMSc,
Chennai
Juergen Reuter, DESY,
Hamburg
Dipan Sengupta,
Michigan State
University
Anurag Tripathi, IIT

Biplob Bhattacherjee,
IISc, Bangalore
Partha Konar, PRL
Ahmedabad
Biswarup
Mukhopadhyaya, HRI,
Allahabad
Ritesh K. Singh, IISER,
Kolkata

Madanalysis 5: Workshops
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4. Status of the PAD 

• Installing the required framework within  
MadAnalysis 5.  
 

Æ All available analyses are automatically  
downloaded from the PAD. 

Æ 3 options: only Delphes-based analyses, only DelphesMA5tune-based analyses, or both. 
 

ma5>install PADForMA5tune ma5>install PAD 

ma5>set main.recast = on 

ma5>submit 
MA5: Would you like to edit the recasting Card ? (Y/N) 

Normal mode with 
the PYTHON console 

• Importing your signal samples 

• Activating the recasting mode 

 

• Launching the processing 
 

and/or 

MadAnalysis5 : Functionalities
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4. Status of the PAD 
Recasting card: only ‘ON’ / ‘OFF’ to be changed 

Illustrative output (beware of low statistics for the example) 

MadAnalysis5 : Functionalities



How to Implement Histos and Cuts : Expert Mode

 CMS-SUS-16-039

Look at all the signal regions

Multiple Signal regions with overlapping 
cuts

 CMS-SUS-16-036



How to Implement Histos and Cuts : Expert Mode

Available Information

Exclusion Curves Representative cutflows



How to Implement Histos and Cuts : Expert Mode

Structure of the Analyzer

STRUCTURE OF THE ANALYZER

The header file.

28

Tuesday, September 9, 2014

STRUCTURE OF THE ANALYZER

The analyzer code in MA5 expert mode consists of  the basic functions :

Initialize : Initialization of  signal regions, declaration of  cuts, histograms and user 
defined functions.

Execute : Containing the analysis cuts and weights applied to each event.

Finalize : Production of  the results, histograms and cut flows.  

29

Tuesday, September 9, 2014



How to Implement Histos and Cuts : Expert Mode

Handling Cuts 

Cuts for all signal regions:
Isolation,Trigger, Pre-selection Criteria

Some signal region cuts work for multiple 
Signal regions

Some signal region cuts work for specific signal 
Regions



FEATURES OF THE EXPERT MODE

Specifically designed to enable the recast of  CMS and ATLAS analysis. 

Multiple sub-analysis are handled efficiently. 

Observables like MT2 and MT2W are included.

Efficient handling of  histograms and cuts.

20

Tuesday, September 9, 2014

How to Implement Histos and Cuts : Expert Mode



How to Implement Histos and Cuts : Expert Mode

Step 1: Declare all the signal regions in the analysis

Page 1 of 9

cms_sus_16_036.cpp 8/21/17, 5:38 PM

#include "cms_sus_16_036.h"
using namespace MA5;
using namespace std;
// 

---------------------------------------------------------------------------
--

// Initialize
// function called one time at the beginning of the analysis
// 

---------------------------------------------------------------------------
--

bool cms_sus_16_036::Initialize(const MA5::Configuration& cfg, const std::map<
std::string,std::string>& parameters)

{
  cout << "BEGIN Initialization" << endl;
  // initialize variables, histos
  cout << "END   Initialization" << endl;
  
INFO << "        <><><><><><><><><><><><><><><><><><><><><><><><>" << endmsg;
  INFO << "        <>    Analysis: cpp-sus-16-036                <>" << endmsg;
  INFO << "        <>    All hadron final state with MT2 variable @sqrt(s) = 13 

TeV, 35.9 fb^-1 luminosity  <>" << endmsg;
  INFO << "        <>    Recasted by: S. Dasgupta <>" << endmsg;
  INFO << "        <>    Contact: sayandg05@gmail.com           <>" << endmsg;
  INFO << "        <>    Based on MadAnalysis 5 v1.6.18 and above        <>" << 

endmsg;
  INFO << "        <>    For more information, see               <>" << endmsg;
  INFO << "        <>    http://madanalysis.irmp.ucl.ac.be/wiki/

PublicAnalysisDatabase <>" << endmsg;
  INFO << "        <><><><><><><><><><><><><><><><><><><><><><><><>" << endmsg;
std::string HT1000[] = {"2jloose", "4jloose", "7jloose","2bloose", "3bloose", 

"7j3bloose","new"};
std::string HT1500[] = {"2jtight", "4jtight", "7jtight","2btight", "3btight", 

"7j3btight"};
std::string MT2400[] = { "3bloose", "7j3bloose","3btight", "7j3btight"};
std::string MT2600[] = { "7jloose","2bloose","2btight"};
std::string MT21400[] = { "2jtight","4jtight"};
std::string nj2[] = 

{ "2jloose","2jtight","2bloose","2btight","3bloose","3btight"};
std::string nj4[] = { "4jloose","4jtight","new"};
std::string nj7[] = { "7jloose","7jtight","7j3bloose","7j3btight"};
std::string nb2[] = { "2bloose","2btight","new"};
std::string nb3[] = { "3bloose","3btight","7j3bloose","7j3btight"};
// =====Declare the signal regions in this analysis=====
  Manager()->AddRegionSelection("2jloose");
  Manager()->AddRegionSelection("4jloose");
  Manager()->AddRegionSelection("7jloose");
  Manager()->AddRegionSelection("2bloose");
  Manager()->AddRegionSelection("3bloose");
  Manager()->AddRegionSelection("7j3bloose");
  //Manager()->AddRegionSelection("EM7");
//===================================//
  Manager()->AddRegionSelection("2jtight");
  Manager()->AddRegionSelection("4jtight");



How to Implement Histos and Cuts : Expert Mode

Step 2: Declare all cuts that are not region specificDECLARING SRS, CUTS, AND HISTOGRAMS

31

Tuesday, September 9, 2014

Page 2 of 9

cms_sus_16_036.cpp 8/21/17, 5:38 PM

  Manager()->AddRegionSelection("7jtight");
  Manager()->AddRegionSelection("2btight");
  Manager()->AddRegionSelection("3btight");
  Manager()->AddRegionSelection("7j3btight");
Manager()->AddRegionSelection("new");
//=============General Cuts=================//
Manager()->AddCut("MET > 30 GeV");
Manager()->AddCut("HT > 1000 GeV");
Manager()->AddCut("N(j) >= 1");
Manager()->AddCut("MT2 > 200 GeV");
Manager()->AddCut("dphij1met > 0.3");
Manager()->AddCut("dphij2met > 0.3");
Manager()->AddCut("dphij3met > 0.3");
Manager()->AddCut("dphij4met > 0.3");
Manager()->AddCut("ratio < 0.5");
Manager()->AddCut("ElectronVeto");
Manager()->AddCut("MuonVeto");
 
 Manager()->AddCut("Leading jet pT > 250 GeV");
//======Signal Region Cuts====RegionEMs==========
  Manager()->AddCut("HT > 1000 GeV", HT1000);
Manager()->AddCut("HT > 1500 GeV", HT1500);
Manager()->AddCut("MT2 > 400 GeV", MT2400);
Manager()->AddCut("MT2 > 600 GeV", MT2600);
Manager()->AddCut("MT2> 800 GeV", "7jtight");
Manager()->AddCut("MT2 > 1000 GeV", "4jloose");
Manager()->AddCut("MT2 > 1200 GeV", "2jloose");
Manager()->AddCut("MT2 > 1400 GeV", MT21400);
Manager()->AddCut("N(j) >= 2", nj2);
Manager()->AddCut("N(j) >= 4", nj4);
Manager()->AddCut("N(j) >= 7", nj7);
Manager()->AddCut("N(b) >= 2", nb2);
Manager()->AddCut("N(b) >= 3", nb3);

//================================================ 
  

return true;
}
// 

---------------------------------------------------------------------------
--

// Finalize
// function called one time at the end of the analysis
// 

---------------------------------------------------------------------------
--

void cms_sus_16_036::Finalize(const SampleFormat& summary, const std::vector<
SampleFormat>& files)



How to Implement Histos and Cuts : Expert Mode

Step 3: Declare all cuts that are region specific

DECLARING SRS, CUTS, AND HISTOGRAMS

31

Tuesday, September 9, 2014

Page 2 of 9

cms_sus_16_036.cpp 8/21/17, 5:38 PM

  Manager()->AddRegionSelection("7jtight");
  Manager()->AddRegionSelection("2btight");
  Manager()->AddRegionSelection("3btight");
  Manager()->AddRegionSelection("7j3btight");
Manager()->AddRegionSelection("new");
//=============General Cuts=================//
Manager()->AddCut("MET > 30 GeV");
Manager()->AddCut("HT > 1000 GeV");
Manager()->AddCut("N(j) >= 1");
Manager()->AddCut("MT2 > 200 GeV");
Manager()->AddCut("dphij1met > 0.3");
Manager()->AddCut("dphij2met > 0.3");
Manager()->AddCut("dphij3met > 0.3");
Manager()->AddCut("dphij4met > 0.3");
Manager()->AddCut("ratio < 0.5");
Manager()->AddCut("ElectronVeto");
Manager()->AddCut("MuonVeto");
 
 Manager()->AddCut("Leading jet pT > 250 GeV");
//======Signal Region Cuts====RegionEMs==========
  Manager()->AddCut("HT > 1000 GeV", HT1000);
Manager()->AddCut("HT > 1500 GeV", HT1500);
Manager()->AddCut("MT2 > 400 GeV", MT2400);
Manager()->AddCut("MT2 > 600 GeV", MT2600);
Manager()->AddCut("MT2> 800 GeV", "7jtight");
Manager()->AddCut("MT2 > 1000 GeV", "4jloose");
Manager()->AddCut("MT2 > 1200 GeV", "2jloose");
Manager()->AddCut("MT2 > 1400 GeV", MT21400);
Manager()->AddCut("N(j) >= 2", nj2);
Manager()->AddCut("N(j) >= 4", nj4);
Manager()->AddCut("N(j) >= 7", nj7);
Manager()->AddCut("N(b) >= 2", nb2);
Manager()->AddCut("N(b) >= 3", nb3);

//================================================ 
  

return true;
}
// 

---------------------------------------------------------------------------
--

// Finalize
// function called one time at the end of the analysis
// 

---------------------------------------------------------------------------
--

void cms_sus_16_036::Finalize(const SampleFormat& summary, const std::vector<
SampleFormat>& files)



How to Implement Histos and Cuts : Expert Mode

Some cuts could be part of multiple signal regions

Page 1 of 9

cms_sus_16_036.cpp 8/21/17, 5:38 PM

#include "cms_sus_16_036.h"
using namespace MA5;
using namespace std;
// 

---------------------------------------------------------------------------
--

// Initialize
// function called one time at the beginning of the analysis
// 

---------------------------------------------------------------------------
--

bool cms_sus_16_036::Initialize(const MA5::Configuration& cfg, const std::map<
std::string,std::string>& parameters)

{
  cout << "BEGIN Initialization" << endl;
  // initialize variables, histos
  cout << "END   Initialization" << endl;
  
INFO << "        <><><><><><><><><><><><><><><><><><><><><><><><>" << endmsg;
  INFO << "        <>    Analysis: cpp-sus-16-036                <>" << endmsg;
  INFO << "        <>    All hadron final state with MT2 variable @sqrt(s) = 13 

TeV, 35.9 fb^-1 luminosity  <>" << endmsg;
  INFO << "        <>    Recasted by: S. Dasgupta <>" << endmsg;
  INFO << "        <>    Contact: sayandg05@gmail.com           <>" << endmsg;
  INFO << "        <>    Based on MadAnalysis 5 v1.6.18 and above        <>" << 

endmsg;
  INFO << "        <>    For more information, see               <>" << endmsg;
  INFO << "        <>    http://madanalysis.irmp.ucl.ac.be/wiki/

PublicAnalysisDatabase <>" << endmsg;
  INFO << "        <><><><><><><><><><><><><><><><><><><><><><><><>" << endmsg;
std::string HT1000[] = {"2jloose", "4jloose", "7jloose","2bloose", "3bloose", 

"7j3bloose","new"};
std::string HT1500[] = {"2jtight", "4jtight", "7jtight","2btight", "3btight", 

"7j3btight"};
std::string MT2400[] = { "3bloose", "7j3bloose","3btight", "7j3btight"};
std::string MT2600[] = { "7jloose","2bloose","2btight"};
std::string MT21400[] = { "2jtight","4jtight"};
std::string nj2[] = 

{ "2jloose","2jtight","2bloose","2btight","3bloose","3btight"};
std::string nj4[] = { "4jloose","4jtight","new"};
std::string nj7[] = { "7jloose","7jtight","7j3bloose","7j3btight"};
std::string nb2[] = { "2bloose","2btight","new"};
std::string nb3[] = { "3bloose","3btight","7j3bloose","7j3btight"};
// =====Declare the signal regions in this analysis=====
  Manager()->AddRegionSelection("2jloose");
  Manager()->AddRegionSelection("4jloose");
  Manager()->AddRegionSelection("7jloose");
  Manager()->AddRegionSelection("2bloose");
  Manager()->AddRegionSelection("3bloose");
  Manager()->AddRegionSelection("7j3bloose");
  //Manager()->AddRegionSelection("EM7");
//===================================//
  Manager()->AddRegionSelection("2jtight");
  Manager()->AddRegionSelection("4jtight");



How to Implement Histos and Cuts : Expert Mode
DECLARING SRS, CUTS, AND HISTOGRAMS

31
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 Declare all the Histograms in the analysis 
Follows the same logic as cuts



How to Implement Histos and Cuts : Expert Mode

Define Objects

Basic cuts on Electrons

Page 4 of 9

cms_sus_16_036.cpp 8/21/17, 5:38 PM

  int nj =0;
      for(unsigned int ij=0; ij<event.rec()->jets().size(); ij++)
       {
        const RecJetFormat * CurrentJet = &(event.rec()->jets()[ij]);
        if ( CurrentJet->pt() > 30.0 && abs(CurrentJet->eta())<2.8){
        SignalJets.push_back(CurrentJet);
        HT = HT + CurrentJet->pt();
        px = px + CurrentJet->px();
        py = py + CurrentJet->py();
        pz = pz + CurrentJet->pz();

nj = nj + 1;
        if (CurrentJet->btag()) nbjets = nbjets+1; 
}        
}
double MHT = sqrt((-px)*(-px)+(-py)*(-py)+(-pz)*(-pz));
double ratio = abs(MET-MHT)/MET;

//electron with pt>20
       for(unsigned int ie=0; ie<event.rec()->electrons().size(); ie++)
        {
        const RecLeptonFormat * CurrentElectron = &(event.rec()->electrons()[ie

]);
        double pt = CurrentElectron->pt();
        double abseta = fabs(CurrentElectron->eta());
        if(pt > 20. && abseta < 2.47)
        SignalElectrons.push_back(CurrentElectron);
        }

//muons with pt > 10
 for(unsigned int im=0; im<event.rec()->muons().size(); im++)
  {
    const RecLeptonFormat * CurrentMuon = &(event.rec()->muons()[im]);
      double pt = CurrentMuon->pt();
     double abseta = fabs(CurrentMuon->eta());
      if(pt > 10. && abseta < 2.47)
      SignalMuons.push_back(CurrentMuon);
  }
for(int ie=SignalElectrons.size()-1;ie>=0;ie--)
  {
    const RecLeptonFormat * myElectron = &(event.rec()->electrons()[ie]);
    double myept=myElectron->pt();
    double chargepte=PHYSICS->Isol->eflow->sumIsolation(myElectron,event.rec(),

0.2,0.,IsolationEFlow::TRACK_COMPONENT);
    double neutralpte=PHYSICS->Isol->eflow->sumIsolation(myElectron,event.rec()

,0.4,0.,IsolationEFlow::NEUTRAL_COMPONENT);
    double photonpte=PHYSICS->Isol->eflow->sumIsolation(myElectron,event.rec(),

0.4,0.,IsolationEFlow::PHOTON_COMPONENT);
    double ttpte=chargepte + neutralpte + photonpte;
    if(ttpte > 0.2*myept)
       SignalElectrons.erase(SignalElectrons.begin()+ie);
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{
  cout << "BEGIN Finalization" << endl;
  // saving histos
  cout << "END   Finalization" << endl;
}
// 

---------------------------------------------------------------------------
--

// Execute
// function called each time one event is read
// 

---------------------------------------------------------------------------
--

bool cms_sus_16_036::Execute(SampleFormat& sample, const EventFormat& event)
{
// unchange
  double myEventWeight;
  if(Configuration().IsNoEventWeight()) myEventWeight=1.;
  else if(event.mc()->weight()!=0.) myEventWeight=event.mc()->weight();
  else
  {
    WARNING << "Found one event with a zero weight. Skipping..." << endmsg;
    return false;
  }
  Manager()->InitializeForNewEvent(myEventWeight);

  //the loop start
  if (event.rec()==0) {return true;}
       EventFormat myEvent;
       myEvent = event;

 //Defining the containers
   vector<const RecJetFormat*> SignalJets, myjet, pseudojets ;
   vector<const RecLeptonFormat*>SignalMuons,SignalElectrons;
   vector<const RecTauFormat*>SignalTaus;
 
//the MET
           MALorentzVector pTmiss = event.rec()->MET().momentum();
           double MET = pTmiss.Pt();
       

//the jets
  int nbjets =0;
  double HT =0;
  double px = 0;
  double py = 0;
  double pz = 0;
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  int nj =0;
      for(unsigned int ij=0; ij<event.rec()->jets().size(); ij++)
       {
        const RecJetFormat * CurrentJet = &(event.rec()->jets()[ij]);
        if ( CurrentJet->pt() > 30.0 && abs(CurrentJet->eta())<2.8){
        SignalJets.push_back(CurrentJet);
        HT = HT + CurrentJet->pt();
        px = px + CurrentJet->px();
        py = py + CurrentJet->py();
        pz = pz + CurrentJet->pz();

nj = nj + 1;
        if (CurrentJet->btag()) nbjets = nbjets+1; 
}        
}
double MHT = sqrt((-px)*(-px)+(-py)*(-py)+(-pz)*(-pz));
double ratio = abs(MET-MHT)/MET;

//electron with pt>20
       for(unsigned int ie=0; ie<event.rec()->electrons().size(); ie++)
        {
        const RecLeptonFormat * CurrentElectron = &(event.rec()->electrons()[ie

]);
        double pt = CurrentElectron->pt();
        double abseta = fabs(CurrentElectron->eta());
        if(pt > 20. && abseta < 2.47)
        SignalElectrons.push_back(CurrentElectron);
        }

//muons with pt > 10
 for(unsigned int im=0; im<event.rec()->muons().size(); im++)
  {
    const RecLeptonFormat * CurrentMuon = &(event.rec()->muons()[im]);
      double pt = CurrentMuon->pt();
     double abseta = fabs(CurrentMuon->eta());
      if(pt > 10. && abseta < 2.47)
      SignalMuons.push_back(CurrentMuon);
  }
for(int ie=SignalElectrons.size()-1;ie>=0;ie--)
  {
    const RecLeptonFormat * myElectron = &(event.rec()->electrons()[ie]);
    double myept=myElectron->pt();
    double chargepte=PHYSICS->Isol->eflow->sumIsolation(myElectron,event.rec(),

0.2,0.,IsolationEFlow::TRACK_COMPONENT);
    double neutralpte=PHYSICS->Isol->eflow->sumIsolation(myElectron,event.rec()

,0.4,0.,IsolationEFlow::NEUTRAL_COMPONENT);
    double photonpte=PHYSICS->Isol->eflow->sumIsolation(myElectron,event.rec(),

0.4,0.,IsolationEFlow::PHOTON_COMPONENT);
    double ttpte=chargepte + neutralpte + photonpte;
    if(ttpte > 0.2*myept)
       SignalElectrons.erase(SignalElectrons.begin()+ie);

Basic cuts on Jets

B-tag
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  }
  for(int im=SignalMuons.size()-1;im>=0;im--)
  {
    const RecLeptonFormat * myMuon = &(event.rec()->muons()[im]);
    double mympt=myMuon->pt();
    double chargeptm=PHYSICS->Isol->eflow->sumIsolation(myMuon,event.rec(),0.4,

0.,IsolationEFlow::TRACK_COMPONENT);
    double neutralptm=PHYSICS->Isol->eflow->sumIsolation(myMuon,event.rec(),0.4

,0.,IsolationEFlow::NEUTRAL_COMPONENT);
    double photonptm=PHYSICS->Isol->eflow->sumIsolation(myMuon,event.rec(),0.4,

0.,IsolationEFlow::PHOTON_COMPONENT);
   double ttptm=chargeptm + neutralptm + photonptm;
    if(ttptm > 0.2*mympt)
       SignalMuons.erase(SignalMuons.begin()+im);
  }

//======Overlap removal of jets===================//
     SignalJets = PHYSICS->Isol->JetCleaning(SignalJets, SignalElectrons, 0.4);
     SignalJets = PHYSICS->Isol->JetCleaning(SignalJets, SignalMuons,     0.4);

//=======================================================//   
//======Ordering jet according to their PT==============//
    SORTER->sort(SignalJets, PTordering);

/*
double deltaphijetmet = 99999.9 ;
int tag = 0;
for(unsigned int ij=0; ij < 4 ; ij++)
{
deltaphijetmet = SignalJets[ij]->dphi_0_pi(pTmiss);
if (deltaphijetmet > 0.3 ) tag =1; 
}
*/
//=========================
//DeltaPhijetmet
//=========================
   double DeltaPhiJet1 = 0.0;
   double DeltaPhiJet2 = 0.0 ;
   double DeltaPhiJet3 =0.0;
   double DeltaPhiJet4 =0.0;
  
if( nj > 0)
{DeltaPhiJet1= SignalJets[0]->dphi_0_pi(pTmiss);
DeltaPhiJet2=9999999.9;
DeltaPhiJet3=9999999.9;
DeltaPhiJet4=9999999.9;
}
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  unsigned int nmum=Neg_mu.size();
  //unsigned int ntm=Neg_t.size();
  //unsigned int ntp=Pos_t.size();
      //get MET
 MALorentzVector MET=event.rec()->MET().momentum();
 double METval=MET.Pt();
  //========region selection=====================================
  if(!Manager()->ApplyCut(ntau==0 && ne+nmu==2 && (nep+nmup==2||nem+nmum==2), 

"nl=2,SS"))return true;
  if(!Manager()->ApplyCut((ntau==0 && ne+nmu==3 && 

(nep*nem+nmup*nmum)>=1),"nl=3, nOSSF>=1"))return true;
  if(!Manager()->ApplyCut((ntau==0 && ne+nmu==3 && 

(nep*nem+nmup*nmum)==0),"nl=3,no OSSF"))return true;
  if(!Manager()->ApplyCut((ntau==1 && ne+nmu==2 && 

(nep*nem+nmup*nmum)==1),"nl(OSSF)=2,ntau=1"))return true;
  if(!Manager()->ApplyCut(ntau==1 && ne+nmu==2 && 

(nep*nmum+nmup*nem)==1,"nl(OSDF)=2,ntau=1"))return true;
  if(!Manager()->ApplyCut(ntau==1 && ne+nmu==2 && (nep+nmup==2||

nem+nmum==2),"nl(SS)=2,ntau=1"))return true;
  if(!Manager()->ApplyCut(ntau==2 && ne+nmu==1,"nl=1,ntau=2"))return true;
  if(!Manager()->ApplyCut(ntau==0 && (nep*nem+nmup*nmum)>=2,"SR_G:nOSSF>=2,0t")

)return true;
  if(!Manager()->ApplyCut(ntau==0 && (nep*nem+nmup*nmum)<2 && ne+nmu 

>=4,"SR_H:nOSSF<2,0t"))return true;
  if(!Manager()->ApplyCut(ntau==1 && (nep*nem+nmup*nmum)>=0 && ne+nmu 

>=3,"SR_I:nOSSF>=0,1t"))return true;
  if(!Manager()->ApplyCut(ntau==2 && (nep*nem+nmup*nmum)>=2,"SR_J:nOSSF>=2,2t")

)return true;
  if(!Manager()->ApplyCut(ntau==2 && (nep*nem+nmup*nmum)<2 && ne+nmu 

>=2,"SR_K:nOSSF<2,2t"))return true;
  //=====================================================================
  //SS region: general cuts: pT(lead e(mu))>25(20),pT(n.l e(mu))>15(10)& no 3rd 

tight l;MET>60;veto OSSF(loose) with mz-15<m_ll<mz+15;veto OSSF with 
m_inv<12.

  double pTl2,pTl1;
  bool nextl=false;
  bool leadl=false;
  //that the 2 lep should have the SameSign has already been applied
  //TightLeptons has been sorted.
  //cuts on leading e/mu. To be imposed on multiple SRs.
  if(TightLeptons.size()>=2){
    pTl1=TightLeptons[0]->momentum().Pt();
    pTl2=TightLeptons[1]->momentum().Pt();
    double pTl1cut=0.0;
    double pTl2cut=0.0;
    if(TightLeptons[0]->isElectron()){pTl1cut=25.0;}//for SR_SS
    else{pTl1cut=20.0;}//(for SR_SS)
    
    if(TightLeptons[1]->isElectron()){pTl2cut=15.0;}//appl for SR_SS
    else{pTl2cut=10.0;}
    if(pTl1>pTl1cut)leadl=true;
    if(pTl2>pTl2cut)nextl=true; 
  }//appl for SR_SS
   //The above result is also appl to SR_A...SR_K except SR_F.
  
 

Define Missing Energy 

Page 17 of 26

cms_sus_039.cpp 8/21/17, 3:58 PM

  
    std::vector<const RecLeptonFormat*> Pos_el_loose,Neg_el_loose,Pos_mu_loose,

Neg_mu_loose;
    bool mllossf=true;
    bool mlllow=true;
   
    for(unsigned int j=0;j<Electrons.size();++j){
      if(Electrons[j]->charge()==+1){Pos_el_loose.push_back(Electrons[j]);}
      else{Neg_el_loose.push_back(Electrons[j]);}
    }
  for(unsigned int j=0;j<Muons.size();++j){
      if(Muons[j]->charge()==+1){Pos_mu_loose.push_back(Muons[j]);}
      else{Neg_mu_loose.push_back(Muons[j]);}
    }
 
  for(unsigned int ii=0;ii<Pos_el_loose.size();++ii){
    for(unsigned int jj=0;jj<Neg_el_loose.size();++jj){
      MALorentzVector Pll=Pos_el_loose[ii]->momentum()+Neg_el_loose[jj]->

momentum();
      if(Pll.Mag()<105.0 && Pll.Mag()>75.0)mllossf=false;
      if(Pll.Mag()<12.0)mlllow=false;
    }
  }
  for(unsigned int ii=0;ii<Pos_mu_loose.size();++ii){
    for(unsigned int jj=0;jj<Neg_mu_loose.size();++jj){
      MALorentzVector Pll=Pos_mu_loose[ii]->momentum()+Neg_mu_loose[jj]->

momentum();
      if(Pll.Mag()<105.0 && Pll.Mag()>75.0)mllossf=false;
      if(Pll.Mag()<12.0)mlllow=false;
    }
  }
 
  //=============================================
  if(!Manager()->ApplyCut(mlllow && mllossf && leadl && nextl && 

METval>60.0 ,"SR_SS:genselection"))return true;
  //=================================================================
    if(!Manager()->ApplyCut(leadl && nextl,"pT(lead),pT(n.lead) cut"))return 

true;
    //===========================================================
  //dilepton inv mass.
  MALorentzVector pll01;
  double mll_SS=-5.0;
  if(TightLeptons.size()>=2){
    pll01=TightLeptons[0]->momentum()+TightLeptons[1]->momentum();
    mll_SS=pll01.Mag();
  }
 
  bool mt_lt100=true;
  bool mt_gt100=true;
  // bool mt_lt160_gt100=true;
  // bool mt_gt160=true;
  for(unsigned int ii=0;ii<TightLeptons.size();++ii){
    double mt_l=TightLeptons[ii]->mt_met(MET);
    if(mt_l >=100.0){mt_lt100=false;}

Mass of a four vector created out of two four vectors

Define Transverse Mass 
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    else{mt_gt100=false;}
  }
  double pTj_ss=0.0;
  if(nj>=1){
    SORTER->sort(Jets,PTordering);//not necessary
    pTj_ss=Jets[0]->momentum().Pt();}
  
  if(!Manager()->ApplyCut(nj==0 && mt_lt100 && mll_SS<50.0 && mll_SS>0.0, 

"SR_SS:Njets=0,MT<100,pTll<50"))return true;
  if(!Manager()->ApplyCut(nj==0 && mt_lt100 && 

mll_SS>=50.0,"SR_SS:Njets=0,MT<100,pTll>50"))return true;
  if(!Manager()->ApplyCut(nj==0 && mt_gt100,"SR_SS:Njets=0,MT>100"))return true

;
  if(!Manager()->ApplyCut(nj==1 &&  pTj_ss >40.0 && mt_lt100 && mll_SS<50.0 && 

mll_SS>0.0,"SR_SS:Njets=1,MT<100,pTll<50"))return true;
  if(!Manager()->ApplyCut(nj==1 &&  pTj_ss >40.0 && mt_lt100 && 

mll_SS>=50.0,"SR_SS:Njets=1,MT<100,pTll>50"))return true;
  if(!Manager()->ApplyCut(nj==1 &&  pTj_ss >40.0 && 

mt_gt100,"SR_SS:Njets=1,MT>100"))return true;
  if(!Manager()->ApplyCut(METval>=100.0 && METval<150.0 && ne+nmu==2 && nep+

nmup==2,"SR_SS:100<MET<150,++"))return true;
  if(!Manager()->ApplyCut(METval>=100.0 && METval<150.0 && ne+nmu==2 && nem+

nmum==2,"SR_SS:100<MET<150,--"))return true;
  if(!Manager()->ApplyCut(METval>=150.0 && METval<200.0,"SR_SS:150<MET<200"))

return true;
  if(!Manager()->ApplyCut(METval>=200.0,"SR_SS:MET>200"))return true;
  if(!Manager()->ApplyCut(METval<100.0,"SR_SS:MET<100"))return true;
  //============cuts on SR_SS are 

over===================================================
  //==============SR_A()=====================================
  //find out how many ossf pairs are present. If two are present, Mll that is
  //closest to mz will be taken and the MT_MET will be computed for the
  //remaining third lepton. If one ossf pair is present, Mll will be calc for
  // this pair and the MT for the 3rd one.
  // no OSSF pair -> SR_B.
  double mll=0.0; double mtmiss=0.0;
  if(ne+nmu==3 && nep*nem==2){//if 2 OSSF el are present
    MALorentzVector pl21,pl22;
    RecLeptonFormat pl3;
    
    pl21=Pos_el[0]->momentum()+Neg_el[0]->momentum();
    if(nep==2){pl22= Pos_el[1]->momentum()+Neg_el[0]->momentum();
      pl3=*(Pos_el[0]);}
    else {pl22=Pos_el[0]->momentum()+Neg_el[1]->momentum();
      pl3=*(Neg_el[0]);}
    if(std::abs(pl21.Mag()-91.2)<=std::abs(pl22.Mag()-91.2))
      {

mll=pl21.Mag();
if(nep==2) {pl3=*(Pos_el[1]);}
else {pl3=*(Neg_el[1]);}
mtmiss=pl3.mt_met(MET);

      }
    else{
      mll=pl22.Mag();
      mtmiss=pl3.mt_met(MET);
    }
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      pl21=Pos_mu[0]->momentum()+Neg_el[0]->momentum();
      if(nmup==2){pl22= Pos_mu[1]->momentum()+Neg_el[0]->momentum();

pl3=*(Pos_mu[0]);}
      else {pl22=Pos_mu[0]->momentum()+Neg_el[1]->momentum();

pl3=*(Neg_el[0]);}
      if(std::abs(pl21.Mag()-50.0)<=std::abs(pl22.Mag()-50.0))

{
mllB=pl21.Mag();
if(nmup==2) {pl3=*(Pos_mu[1]);}
else {pl3=*(Neg_el[1]);}
mtmissB=pl3.mt_met(MET);
}

    else{
      mllB=pl22.Mag();
      mtmissB=pl3.mt_met(MET);
    }
      
    }
    
    if(nep*nmum==0 && nem*nmup==0){// no OS pair is present
      mtmissB=TightLeptons[0]->mt_met(MET);
      mllB=50.0;// to be counted in the lowest mll bin
    }
    
  }
  
  if(!Manager()->ApplyCut(mtmissB <120.0 && mllB<100.0 && METval <100.0 && 

METval >50.0, "SR_B:MT<120,50<MET<100,Mll<100"))return true;
  if(!Manager()->ApplyCut(mtmissB <120.0 && mllB<100.0 && METval >=100.0, 

"SR_B:MT<120,MET>100,Mll<100"))return true;
  if(!Manager()->ApplyCut(mtmissB <120.0 && mllB>100.0 && METval <100.0 && 

METval >50.0, "SR_B:MT<120,50<MET<100,Mll>100"))return true;
  if(!Manager()->ApplyCut(mtmissB <120.0 && mllB>100.0 && METval >100.0, 

"SR_B:MT<120,MET>100,Mll>100"))return true;
  if(!Manager()->ApplyCut(mtmissB >120.0 && mllB<100.0 && METval >50.0, 

"SR_B:MT>120,MET>50,Mll<100"))return true;
  if(!Manager()->ApplyCut(mtmissB >120.0 && mllB>100.0 && METval >50.0, 

"SR_B:MT>120,MET>50,Mll>100"))return true;
  //=========end of 

SR_B========================================================
  //==========SR_C :(e+ e- || mu+ mu-) + 1 

tau=======================================
  double mt2_ll=0.0;
  double m_trial=0.0;
  if(TightElectrons.size()>=2){mt2_ll=PHYSICS->Transverse->MT2(&(TightElectrons

[0]->momentum()),&(TightElectrons[1]->momentum()),MET,m_trial);}
  else if(TightMuons.size()>=2){mt2_ll=PHYSICS->Transverse->MT2(&(TightMuons[0]

->momentum()),&(TightMuons[1]->momentum()),MET,m_trial);}
  else {mt2_ll=-5.0;}
  

Define MT2 
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if( nj > 1)
{
DeltaPhiJet1= SignalJets[0]->dphi_0_pi(pTmiss);
DeltaPhiJet2= SignalJets[1]->dphi_0_pi(pTmiss);
DeltaPhiJet3=999999.9;
DeltaPhiJet4=9999999.9;
}
if( nj > 2)
{
DeltaPhiJet1= SignalJets[0]->dphi_0_pi(pTmiss);
DeltaPhiJet2= SignalJets[1]->dphi_0_pi(pTmiss);
DeltaPhiJet3= SignalJets[2]->dphi_0_pi(pTmiss);
DeltaPhiJet4=9999999.9;
}
if( nj > 3)
{
DeltaPhiJet1= SignalJets[0]->dphi_0_pi(pTmiss);
DeltaPhiJet2= SignalJets[1]->dphi_0_pi(pTmiss);
DeltaPhiJet3= SignalJets[2]->dphi_0_pi(pTmiss);
DeltaPhiJet4 = SignalJets[3]->dphi_0_pi(pTmiss);
}

//======================================================//
//=================pseudojet defining===================//
double mt2 =0; double costhetaij =0; double costhetaik =0; double mjj =0; 

double temp=0; double d0 =0; double d1 =0  ;
MALorentzVector j0,j1,tempj;
int j1tag =0 ; int j2tag =0;
//Choosing the pair with the largest invariant mass
if (nj >2) {
for(int i=0;i<nj-1;i++)
{
for(int j=1;j<nj;j++)
{
mjj = (SignalJets[i]->momentum() +  SignalJets[j]->momentum()).M();
if(mjj>temp){ temp = mjj ;
 j0 = SignalJets[i]-> momentum();
 j1 = SignalJets[j]->momentum();
j1tag=i; // tag the pair with the largest invariant mass
j2tag=j;
}
}
}
//Making pseudojets by Lund distance measure
for (int k=0;k<nj;k++ ){

Angular Cuts between objects

Cut associated with 
all the signal regions

Page 8 of 9

cms_sus_16_036.cpp 8/21/17, 5:38 PM

//General cuts//===========
//======Missing Et cut=====//
 if(!Manager()->ApplyCut(MET > 30,"MET > 30 GeV"))
   return true;

//======HT cut=====//
 if(!Manager()->ApplyCut(HT > 1000,"HT > 1000 GeV"))
   return true;
//======Number of jets cut=====//
 if(!Manager()->ApplyCut(nj > 1,"N(j) >= 1"))
   return true;
//======MT2 cut=====//
//if(nj >= 2)
//{
//if(!Manager()->ApplyCut(MT2 > 200,"MT2 > 200 GeV"))
//   return true;
//}

//========DeltaPhi Cuts===========================//
//    if(!Manager()->ApplyCut((tag == 0),"dphijmet > 0.3"))
//      return true;

    if(!Manager()->ApplyCut((DeltaPhiJet1 > 0.3),"dphij1met > 0.3"))
      return true;
     if(!Manager()->ApplyCut((DeltaPhiJet2 > 0.3),"dphij2met > 0.3"))
      return true;
    if(!Manager()->ApplyCut((DeltaPhiJet3 > 0.3),"dphij3met > 0.3"))
     return true;
    if(!Manager()->ApplyCut((DeltaPhiJet4 > 0.3),"dphij4met > 0.3"))
      return true;
//======ratio cut=====//
 if(!Manager()->ApplyCut(ratio < 0.5,"ratio < 0.5"))
   return true;
//======Electron Veto==============//
   if(!Manager()->ApplyCut((SignalElectrons.size())==0 ,"ElectronVeto"))
   return true;
  
//============Muon Veto==========//
   if(!Manager()->ApplyCut((SignalMuons.size())==0 ,"MuonVeto"))
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   return true;

//=============Leading jet pT cut=================//
    if(!Manager()->ApplyCut(( SignalJets[0]->pt() > 250 && abs(SignalJets[0]->

eta()) < 2.4 ),"Leading jet pT > 250 GeV"))
      return true;

//=======Signal Region Specific Cuts==============//
   if(!Manager()->ApplyCut((HT > 1000),"HT > 1000"))
   return true;
   if(!Manager()->ApplyCut((HT > 1500),"HT > 1500"))
   return true;
/*
   if(!Manager()->ApplyCut((mt2 > 400),"MT2 > 400"))
   return true;
   if(!Manager()->ApplyCut((mt2 > 600),"MT2 > 600"))
   return true;
   if(!Manager()->ApplyCut((mt2 > 800),"MT2 > 800"))
   return true;
   if(!Manager()->ApplyCut((mt2 > 1000),"MT2 > 1000"))
   return true;
   if(!Manager()->ApplyCut((mt2 > 1200),"MT2 > 1200"))
   return true;
   if(!Manager()->ApplyCut((mt2 > 1400),"MT2 > 1400"))
   return true;
*/  
 if(!Manager()->ApplyCut((nj >= 2),"N(j) >= 2"))
   return true;
   if(!Manager()->ApplyCut((nj >= 4),"N(j) >= 4"))
   return true;
   if(!Manager()->ApplyCut((nj >= 7),"N(j) >= 7"))
   return true;
   if(!Manager()->ApplyCut((nbjets >= 2),"N(b) >= 2"))
   return true;
   if(!Manager()->ApplyCut((nbjets >= 3),"N(b) >= 3"))
   return true;
   
//==========End===================//

  return true;
}

Page 9 of 9

cms_sus_16_036.cpp 8/21/17, 5:38 PM

   return true;

//=============Leading jet pT cut=================//
    if(!Manager()->ApplyCut(( SignalJets[0]->pt() > 250 && abs(SignalJets[0]->

eta()) < 2.4 ),"Leading jet pT > 250 GeV"))
      return true;

//=======Signal Region Specific Cuts==============//
   if(!Manager()->ApplyCut((HT > 1000),"HT > 1000"))
   return true;
   if(!Manager()->ApplyCut((HT > 1500),"HT > 1500"))
   return true;
/*
   if(!Manager()->ApplyCut((mt2 > 400),"MT2 > 400"))
   return true;
   if(!Manager()->ApplyCut((mt2 > 600),"MT2 > 600"))
   return true;
   if(!Manager()->ApplyCut((mt2 > 800),"MT2 > 800"))
   return true;
   if(!Manager()->ApplyCut((mt2 > 1000),"MT2 > 1000"))
   return true;
   if(!Manager()->ApplyCut((mt2 > 1200),"MT2 > 1200"))
   return true;
   if(!Manager()->ApplyCut((mt2 > 1400),"MT2 > 1400"))
   return true;
*/  
 if(!Manager()->ApplyCut((nj >= 2),"N(j) >= 2"))
   return true;
   if(!Manager()->ApplyCut((nj >= 4),"N(j) >= 4"))
   return true;
   if(!Manager()->ApplyCut((nj >= 7),"N(j) >= 7"))
   return true;
   if(!Manager()->ApplyCut((nbjets >= 2),"N(b) >= 2"))
   return true;
   if(!Manager()->ApplyCut((nbjets >= 3),"N(b) >= 3"))
   return true;
   
//==========End===================//

  return true;
}
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Looking at the Output , present in the Output folder in xml format : Cutflows
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Looking at the Output , present in the Output folder in xml format : Cutflows

LOOKING AT THE OUTPUT
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How to test Cutflows
For every signal region : after every cut 
ns = Acceptance x efficiency x cross section x luminosity2 RESULTS AND PLOTS 3

q̃ ! q�̃0
1 (650/645) cutflow

cut # events relative change # events relative change

(O�cial) MA5

Initial number of events 4544 - 4544 -

Emiss
T > 100 GeV 1917 58 % 2031 55 %

Trigger 1604 16 % - -

Event cleaning 1592 1 % - -

Lepton veto 1591 0.01 % 2022 0.4 %

Njets  4 1492 6 % 1883 7 %

��(Emiss
T , jets) > 0.4 1409 5 % 1798 5 %

Jet Quality 1343 4 % - -

pj1T > 250 GeV 435 67 % 426 76 %

Emiss
T > 250 GeV 404 7 % 402 6 %

M1 : Emiss
T = [250� 300] GeV 58 86 % 57 86 %

M2 : Emiss
T = [300� 350] GeV 65 84 % 69 83 %

M3 : Emiss
T = [350� 400] GeV 59 86 % 57 86 %

M4 : Emiss
T = [400� 500] GeV 85 79 % 81 80 %

M5 : Emiss
T = [500� 600] GeV 53 87 % 57 86 %

M6 : Emiss
T = [600� 700] GeV 34 91 % 36 91 %

M7 : Emiss
T > 700 GeV 49 89 % 46 90 %

2.2 Exclusion plot



Going from Cutflows to Exclusion

Last modified on 05/22/17 17:47:09

MadAnalysis 5 Public Analysis Database (PAD) for
recasting LHC results
This page contains a collection of LHC analyses that have been implemented in the MadAnalysis
5 framework (in the expert mode) described in arXiv:1405.3982 and arXiv:1407.3278. For each
analysis, a commented C++ code is available for download, provided together with information
on the analysis and references to relevant publications. A careful validation of each
implementation is also provided.

The current version of MadAnalysis 5 is version 1.5. This version (and all former versions since
v1.3) contains a lot of improvements to make the recasting procedure easier. In order to use all
analyses implement in the PAD, you need to install both the delphes and delphesMA5tune
detector simulators and the library of analyses shown below. To this aim, once MadAnalysis 5 has
been installed and started, it is sufficient to type:

 install delphesMA5tune
 install PADForMA5tune
 install delphes
 install PAD

and restart MadAnalysis 5. Detailed information on the older way of running (with !MadAnalysis5
version 1.2) can be found here

In order to test a new physics signal (corresponding to a Monte Carlo sample mysample.hep.gz
or mysample.hepmc.gz), it is sufficient to start MadAnalysis 5 in the reco mode (./bin/ma5 -R)
and type

    set main.recast = on
    set main.recast.store_root = False
    import <path-to-the-event-sample>
    submit

The interpreter then asks to edit the recasting card where one can tick/untick the analyses that
need to be recasted. One can also use the command

    set main.recast.card_path = <path-to-a-recasting-card>

to provide the recasting card directly. The output directory contains the events of the store_root
option has been set to True, as well as the CLs an efficiency information for each signal region of
each of the selected analyses. The cross section excluded at the 95% CL by each region is also
provided as additional information.

Although we have two options for taking care of the detector simulation (delphes and
delphesMA5tune), we recommend, when developing a new recasting code, to use the latest
MA5v1.4 version linked to the standard Delphes3 (see these slides for more information). New



Validation of CMS_16_052

Signal of Interest

6 4 Event selection

Table 1: Definition of signal regions and their corresponding control regions. The subregions of
signal regions are denoted by tags in parentheses described in the text. For jets, the attributes
“soft” and “hard” refer to the pT ranges 30–60 GeV and > 60 GeV, respectively.

Variable common to all SRs
Number of hard jets  2
Df(hard jets) (rad) < 2.5
p

miss
T ( GeV) > 300

Lepton rejection no t, or additional ` with pT > 20 GeV
SR1 SR2

HT ( GeV) > 400 > 300
pT(ISR jet) ( GeV) > 100 > 325
Number of b jets 0 �1 soft, 0 hard
|h(`)| < 1.5 < 2.4

SR1a SR1b SR1c SR2a SR2b SR2c
mT ( GeV) < 60 60–95 > 95 < 60 60–95 > 95
Q(`) �1 �1 any any any any
pT(µ) ( GeV) 3.5–5 (VL) 3.5–5 (VL) - 3.5–5 (VL) 3.5–5 (VL) -
pT(e, µ) ( GeV) 5–12 (L) 5–12 (L) 5–12 (L) 5–12 (L) 5–12 (L) 5–12 (L)

12–20 (M) 12–20 (M) 12–20 (M) 12–20 (M) 12–20 (M) 12–20 (M)
20–30 (H) 20–30 (H) 20–30 (H) 20–30 (H) 20–30 (H) 20–30 (H)
> 30 (CR) > 30 (CR) > 30 (CR) > 30 (CR) > 30 (CR) > 30 (CR)

CT ( GeV) 300 < CT1 < 400 (X) 300 < CT2 < 400 (X)
CT1 > 400 (Y) CT2 > 400 (Y)

to each set of signal regions sharing the same selection except the requirement on the lepton
pT. Control and signal regions differ thus only by the lepton pT range: in the CRs a lepton with
pT > 30 GeV is required. The purity of the control regions is typically between 80% and 90%.
The simulation is normalized to data after subtracting nonprompt and rare backgrounds from
the observed yields in the CR. The obtained scale factors vary from 0.86 to 1.25.

Each factor is applied to all corresponding lepton pT signal region bins as defined in Table 1.
Systematic uncertainties are assigned related to the statistical uncertainties of the factors, and
to the shape of the pT spectrum as described later in this section. The sample composition in
the control regions as obtained from simulation is shown in Table 2.

After applying the signal selection, with the exception of the requirement on lepton pT, the
lepton pT spectra of tt and W+jets events are similar. A variation of the tt to W+jets cross
section ratio of up to 20% is taken into account in the systematic uncertainty.

The extrapolation of the correction factors from control to signal regions has been validated by
comparing corrected yields from simulation to data in validation regions. Each of these valida-
tion regions is defined by one of the following changes with respect to the signal selection: (a)
replacing of the CT1 (in SR1) or CT2 (in SR2) requirement by 200 < CT < 300 GeV, (b) replacing
the conditions on b-tagged jets by requiring at least one b-tagged jet with pT > 60 GeV. The
predictions in the validation regions are compatible with the observations within uncertainties.

At high values of mT, namely in the SR1c and SR2c regions, a smaller fraction of W+jets and tt
events pass the selection criteria. In these regions, especially at low pT, the contribution of non-
prompt background associated to jets but passing impact parameter and isolation requirements
becomes comparable to that of prompt backgrounds. This nonprompt background is estimated
fully from data in all signal and control regions. For this purpose, an “application region” is
assigned to each signal or control region. In this application regions, the isolation and impact

Cuts
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Unspecified details :  

Decay channels, all 
fermions or only leptons. 

Are there chagrinos in the 
intermediate stage. 

What cross sections are the 
numbers normalized too



Table 1: Summary of yields for the t̃1 ! bff
0
�̃
0
1 model for two benchmark points with mt̃1 =

500, 375 GeV, as compared to o�cial CMS results given on http://cms-results.web.cern.
ch/cms-results/public-results/preliminary-results/SUS-16-052/index.html. The

uncertainties given for the CMS event numbers are statistical only.

mt̃1,�̃0
1
= 500, 470 GeV mt̃1,�̃0

1
= 375, 365 GeV

cut CMS result MA 5 result CMS result MA 5 result

All signal Regions

HT + pT (ISR) > 100 + E
miss
T > 200 GeV 656.3 678.3 933.7 945.9

+ ��(j1, j2) 606.4 592.1 872.8 881.4

+ N(hard jet)  2 454.3 461.8 662.5 678.8

+ N(⌧ = 0) + N(l � 1) + N (l with pT > 20 )  2 327.3 352.4 371.6 382.4

+ pT (l) < 30 313.7 332.8 368.6 374.2

Common to SR1

+ Nb = 0 274.9 268.4 333.6 348.8

+ CT1 > 300 154.2 148.8 192 196.2

+ ⌘l  1.5 138 141.4 174 178.4

SR1ax 16.5 19.8 32.2 37.4

SR1aY 16.3 19.2 38.8 43.6

SR1bX 9.3 13.2 5.7 7.4

SR1bY 8.4 10.1 6.6 8.0

SR1cX 14.7 16.2 2.0 2.8

SR1cX 19.7 22.8 3.6 4.2

Common to SR2

+ Nb(hard) = 0 + Nb(soft) = 1 19.7 22.6 13.9 16.2

+ CT2 > 300 10.7 13.2 7.4 8.9

SR2aX 1.1 1.8 1.1 1.6

SR2aY 1.4 1.8 1.2 1.5

SR2bX 0.7 1.1 0.4 0.6

SR2bY 0.5 0.7 0.6 0.8

SR2cX 1.3 1.7 0.2 0.5

SR2cY 1.8 2.2 0.5 0.7

2

Validation of CMS_16_052

With a lot of guesswork,  
Validation looks good.
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Conclusions

‣ separate, validated implementations of the analyses are necessary to 
fully exploit the power of the LHC BSM searches 
 

‣ it also gives useful feedback to the experiments:
- alternative models being probed by their analysis
- blind spots motiving the design of a new search
- quality of the presentation of the analysis 

(see the Les Houches Recommendations for the Presentation of LHC Results 
[S. Kraml, B.C.  Allanach, M. Mangano, H.B. Prosper, S. Sekmen, et al., arXiv:1203.2489])  
 

‣ analysis reimplementation and validation a tedious task;  
we thank the ATLAS and CMS collaborations for their help!  
many more analyses are currently being implemented and validated using MadAnalysis 5  
 

‣ you're welcome to use and/or contribute to the public database!

• MadAnalysis5 is a code to re-interpret new physics searches


