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     Towards a public analysis database

We think it would be of great value for the whole community to have a database 
of LHC analyses based on fast simulation.

→ we propose to create such a database using the MadAnalysis 5 framework

 Validated analysis codes, easy to check and to use for everybody. 

• Can serve for the interpretation of the LHC results in a large variety of models. 

• Convenient way of documentation; helps long-term preservation of the analyses 
performed by ATLAS and CMS.

• Modular approach, easy to extend, everybody who implements and validates an 
existing ATLAS or CMS analysis can publish it within this framework.

• Provides feedback to the experiments about documentation and use of their results.  
(The ease with which an experimental analysis can be implemented and validated 
may actually serve as a useful check for the experimental collaborations for the 
quality of their documentation.)
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What is MadAnalysis 5 ?

• Public framework for analyzing Monte Carlo events 

• different levels of sophistication: partonic, hadronic, detector reconstructed

• input formats: StdHep, HepMC, LHE, LHCO, Delphes ROOT files

• user-friendly, flexible and fast

• normal mode: intuitive commands typed in the Python interface                  
human-readable output: HTML and LaTeX

• expert mode: C++/ROOT programming within the SampleAnalyzer framework 

• powerful tool, well-suited for phenomenological studies for particle colliders

E. Conte, B. Fuks, G. Serret, arXiv:1206.1599
E. Conte, B. Fuks, arXiv:1309.7831

https://madanalysis.irmp.ucl.ac.be
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Analysis implementation and validation

1. Read and understand the experimental paper

2. Write the C++ analyzer code for MadAnalysis 5 

3. The difficult part: get missing information from the experimental collaboration. 
Needed, but not always publicly available, are:

- efficiencies for trigger, electron, muons, b-tagging, event cleaning, ...                     
treatment of ISR, jet energy scale 

- exact configuration of MC tools (versions, run card settings)               
benchmark points:  SLHA or LHE files 

- cut flows for the benchmark points

- expected final number of events in each signal region

4. Digitize the histograms from the experimental paper                                      
(stupid work; direct numerical form would be highly welcome → HepData, Twiki !)
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arXiv: 1407.3278
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PUBLICATION POLICY: SUBMIT TO INSPIRE
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each recasted analysis gets a DOI (digital document identifier)
and is individually searchable and citable
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VALIDATED ANALYSES
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CMS-SUS-13-011: additional material to aid ....

The single muon trigger efficiency. Uncertainties are statistical.

pT range [GeV] |η| < 0.8 0.8 < |η| < 1.5 1.5 < |η| < 2.1
20 - 22 0.00 ± 0.000 0.00 ± 0.000 0.00 ± 0.000
22 - 24 0.02 ± 0.001 0.05 ± 0.001 0.10 ± 0.001
24 - 26 0.87 ± 0.001 0.78 ± 0.001 0.76 ± 0.002
26 - 28 0.90 ± 0.001 0.80 ± 0.001 0.78 ± 0.001
28 - 30 0.91 ± 0.001 0.81 ± 0.001 0.79 ± 0.001
30 - 32 0.91 ± 0.001 0.82 ± 0.001 0.80 ± 0.001
32 - 34 0.92 ± 0.000 0.82 ± 0.001 0.81 ± 0.001
34 - 36 0.93 ± 0.000 0.82 ± 0.001 0.81 ± 0.001
36 - 38 0.93 ± 0.000 0.83 ± 0.001 0.82 ± 0.001
38 - 40 0.93 ± 0.000 0.83 ± 0.001 0.82 ± 0.001
40 - 50 0.94 ± 0.000 0.84 ± 0.000 0.83 ± 0.000
50 - 60 0.95 ± 0.000 0.84 ± 0.001 0.83 ± 0.001
60 - 80 0.95 ± 0.000 0.84 ± 0.001 0.84 ± 0.001
80 - 100 0.94 ± 0.001 0.84 ± 0.002 0.84 ± 0.003
100 - 150 0.94 ± 0.002 0.84 ± 0.003 0.84 ± 0.004
150 - 200 0.93 ± 0.004 0.83 ± 0.007 0.82 ± 0.010

>200 0.92 ± 0.005 0.83 ± 0.010 0.83 ± 0.018

The single electron trigger efficiency. Uncertainties are statistical.

pT range [GeV] |η| < 1.5 1.5 < |η| < 2.1
20 - 22 0.00 ± 0.000 0.00 ± 0.000
22 - 24 0.00 ± 0.000 0.00 ± 0.000
24 - 26 0.00 ± 0.000 0.03 ± 0.001
26 - 28 0.07 ± 0.001 0.22 ± 0.002
28 - 30 0.57 ± 0.001 0.52 ± 0.002
30 - 32 0.85 ± 0.001 0.65 ± 0.002
32 - 34 0.88 ± 0.001 0.70 ± 0.002
34 - 36 0.89 ± 0.000 0.72 ± 0.001
36 - 38 0.91 ± 0.000 0.74 ± 0.001
38 - 40 0.92 ± 0.000 0.75 ± 0.001
40 - 50 0.94 ± 0.000 0.77 ± 0.001
50 - 60 0.95 ± 0.000 0.79 ± 0.001
60 - 80 0.96 ± 0.000 0.79 ± 0.002
80 - 100 0.96 ± 0.001 0.80 ± 0.005
100 - 150 0.97 ± 0.001 0.82 ± 0.006
150 - 200 0.97 ± 0.002 0.83 ± 0.014

>200 0.97 ± 0.003 0.85 ± 0.020

3

Summary of yields for the t̃ → tχ̃0
1 model with mt̃ = 650 GeV and mχ̃0

1
= 50

GeV. No trigger efficiency or ISR reweighting is applied. In the first block of the

table, the first row shows the yield after requiring at least one analysis lepton,

at least 4 jets, and MET > 50 GeV. In each subsequent row, the preselection

requirements are added one at a time. In the second block of the table the low-

mass (LM) signal region yields are indicated. In the third block the high-mass

(HM) signal region yields are indicated. The number after LM or HM indicates

the MET requirement. The latter results may be compared to the signal yields

in Table 4 of http://arxiv.org/pdf/1308.1586.pdf but they are slightly higher (∼
10−20%) because the trigger and ISR weights are not applied. All uncertainties

are statistical only. The bold entry indicates the signal region with the best

sensitivity, i.e., the signal region used for limit-setting.

� + ≥ 4 jets + MET>50 31.6 ± 0.3

+ MET>100 29.7 ± 0.3

+ nb ≥ 1 25.2 ± 0.2

+ iso-track veto 21.0 ± 0.2

+ tau-veto 20.6 ± 0.2

+ min-dphi 17.8 ± 0.2

+ chi2 11.9 ± 0.2

+ MT>120 9.6 ± 0.1

LM150 9.1 ± 0.1

LM200 8.2 ± 0.1

LM250 7.1 ± 0.1

LM300 5.7 ± 0.1

HM150 5.5 ± 0.1

HM200 5.4 ± 0.1

HM250 4.9 ± 0.1

HM300 4.2 ± 0.1

1
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Figure 4: Comparison of the electron identification and isolation efficiencies in data and MC
for various jet multiplicity requirements.

CMS,     s = 8 TeV,     L dt = 19.5 fb-1!

da
ta

 / 
M

C
!

10

Tuesday, September 9, 2014



CMS-SUS-13-011:  validation
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~10-20% agreement, 
quite good for fastsim
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ATLAS example: stop/sbottom, 0l2b+MET
JHEP 1310 (2013) 189

arXiv:1308.2631

• Search for stops and sbottoms in 
the 0 lepton + 2 b-jets final state 
with large MET

• Two signal regions optimized for 
high and low ΔM

• Analysis well documented for 
physics, but not so well for 
recasting purposes

• Upon request obtained cut flows 
as well as SLHA files and some 
missing details on MC settings.

• trigger, b-tagging efficiencies ??
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ATLAS example: stop/sbottom, 0l2b+MET
JHEP 1310 (2013) 189

arXiv:1308.2631

• Search for stops and sbottoms in 
the 0 lepton + 2 b-jets final state 
with large MET

• Two signal regions optimized for 
high and low ΔM

• Analysis well documented for 
physics, but not so well for 
recasting purposes

• Upon request obtained cut flows 
as well as SLHA files and some 
missing details on MC settings.

• trigger, b-tagging efficiencies ??

• In general, it is difficult for us to get necessary additional 
information from ATLAS; less fruitful interaction than with CMS.                          
→ We would very much like to improve this.
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ATLAS 0 lepton + 2b: validation for SRA
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THE STATE OF AFFAIRS TILL NOW

14

Dipan Sengupta (Physique Theortique, Laboratoire de Physique Subatomique et de Cosmologie, CNRS Grenoble-Cedex, France.)Supersymmetry(SUSY) at the end of Run I and towards a public analysis database for LHC new physics searchesAugust 3, 2014 40 / 43
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IMPLEMENTATION AND VALIDATION OF ONGOING  ANALYSES

ATLAS-SUS-2013-04 (arXiv :1308.1841) : Multijet +MET. [Blanke+ BF + Galon] 
(Starting)

ATLAS-SUS-2013-12 (arXIV:1402.7029) : Trilepton +MET [De Causmaecker, BF, 
Mawatari] (Problems with validation). 

ATLAS-SUS-2013-13 (arXiv:1405.5086) :At least four leptons + MET. [Mawatari] 
(Starting).

ATLAS-SUS-2013-14 (arXiv:1407.0350) : Two hadronic taus + MET [De Causmaecker, 
BF ](Problems with validation)

ATLAS-SUS-2013-18 (arXiv:1403.4853) :At least 3 b-jets + MET [Mitzka,BF] (Starting)

ATLAS-SUS-2013-19 (arXiv:1407.0600) : Two leptons + b-jets +MET [Chalons](Problems  
with validation).

CMS-SUS-PAS-13-007 : single lepton + b-jets +MET [Laa, DS] (Problems with  validation)
15
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Using MadAnalysis5 in Normal 
and Expert Mode
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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.
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Downloading, setting up and 
implementing analyses in the expert 
mode of  MA5
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DOWNLOADING MADANALYSIS5

https://launchpad.net/madanalysis5/+milestone/v1.1.11
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SETTING UP
Check if  the requisite packages are installed.

Python 2.6 or above. (Not the 3.X series however)

The GNU GCC compiler. 

ROOT v5.27 or above with PYROOT libraries installed.
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INSTALLING PACKAGES

Install packages like Fastjet, Delphes or the delphesMA5-tune (Later today).
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CONVERTING STDHEP FILES TO ROOT FILES

Use the delphesMA5tune to convert stdhep files to detector simulated root files.(More on 
this in Benjamin’s talk later today.)

Important modifications: Isolation of  leptons and photons moved to the analysis section.

Reduction of  file size by removal of  calorimeter towers and PF objects.

 Only hard scattering process, final state leptons and b quarks are stored.

Results in reduction of  root file size by a factor of  10.
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A HANDS ON EXAMPLE: CMS-SUS-13-011

CMS search for stops in single lepton + high multiplicity jets + b-jets + 
missing transverse energy. 

Targets stop → t + LSP , stop → b + light chargino. Characterized by low 
Δm and high Δm and divided into 16 SRs. 

LHE files, detailed trigger efficiencies provided by the CMS collaboration. 

Supplementary material including cut flows, additional histograms are now 
available on the CMS twiki page. 
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SETTING UP THE EXPERT MODE

Start with ./bin/ma5 -R -e (reconstructed and expert mode)
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STRUCTURE OF THE ANALYZER

The header file.

28

Tuesday, September 9, 2014



STRUCTURE OF THE ANALYZER
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STRUCTURE OF THE ANALYZER

The analyzer code in MA5 expert mode consists of  the basic functions :
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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.  
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DECLARING SRS, CUTS AND HISTOGRAMS IN INITIALIZE
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DEALING WITH RECO OBJECTS, ISOLATION 
OBSERVABLES
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OBSERVABLES AND CUTS
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OBSERVABLES AND CUTS
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OBSERVABLES AND CUTS
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FILLING UP HISTOGRAMS
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LOOKING AT THE OUTPUT

The output contains :

A SAF file cms_sus_13_011.saf  listing the names of  all implemented SRs.

A Subdirectory Histograms with a SAF files histos.saf. 

A Subdirectory Cutflows with SAF files named according to the SRs 
definitions.
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LOOKING AT THE OUTPUT
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AN EXCLUSION CODE

Limit setting by install RecastingTools. (generates exclusion.py)

Takes acceptance*efficiency from the SAF files as input.

run as ./exclusion_CLs.py analysis_name mypoint.txt [run number] [cross section].

For multiple SRs it picks out the most sensitive SR.

Create the .info file from the experimental paper.
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