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New physics at the LHC (and beyond)

✦ The quest for physics beyond the Standard Model has started!	
✤ How to get hints of new physics at the LHC?	

★ Confront data to the Standard Model expectation	
★ Observe unexplained deviations at a good confidence level	

✤ Nature of non standard effects?	
★ Fitting deviations by new physics signals	
★ Designing new analyses to probe new ideas	
★ Reinterpretation of data in possibly different theoretical frameworks	
★ Leading order Monte Carlo tools and techniques do a proper job	

!

✤ Final words on the nature of new physics	
★ Accurate measurements of the model parameters	
★ The most precise predictions are mandatory

Predictions for specific models, 
signal and background analysis

Confronting models to LHC data

Many other talks from this workshop
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MADANALYSIS 5 in a nutshell

✦  What is MADANALYSIS 5?	
✤ A framework for phenomenological analyses 	
✤ Any level of sophistication: partonic, hadronic, detector, reconstructed	
✤ Several input format: STDHEP, HEPMC, LHE, LHCO, ROOT (from DELPHES)	
✤ User-friendly, flexible and fast	
✤ Interfaces to other HEP packages (ROOT, detector simulation, jet clustering, etc.)

[ Conte, BF, Serret (CPC ’13); Conte, Dumont, BF, Wymant (EPJC ’14) ]

✦ Expert mode	
✤ C++ programming within the SAMPLEANALYZER framework (the MADANALYSIS 5 core)

✦ Normal pythonic mode	
✤ Intuitive commands typed in a PYTHON interface	
✤ Analysis performed behind the scenes (a C++ black box)	
✤ Human readable output: HTML and       LATEX
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The (normal) user-friendly mode

User inputs

Event 
samples

Script and/or 
commands

PYTHON 
interface

Gen
er

ati
on

 o
f 

an
 an

aly
sis

 co
de

!
SAMPLEANALYZER 

FASTJET * 
ROOT 

DELPHES 3 **

Libraries

Loading the 
results

HTML LATEX

Reports - output

Generation  of	

the reports 

*   [ Cacciari, Salam (PLB ’06) ] 
** [ de Favareau et al (JHEP’14) ]

Back-end

To be installed from the 
PYTHON interface

✦ User requirements	
✤ Implementing an analysis in a pythonic way	
✤ Providing events

[ Conte, BF, Serret (CPC ’13); Conte, Dumont, BF, Wymant (EPJC ’14) ]
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The expert (developer-friendly) mode

User inputs

Event 
samples

*   [ Cacciari, Salam (PLB ’06) ] 
** [ de Favareau et al (JHEP’14) ]

To be installed from the 
PYTHON interface

Code skeleton to be generated 
from the PYTHON interface

✦ User requirements	
✤ Implementing an analysis in C++: the analysis skeleton is automatically generated	
✤ Providing events	
✤ Treatment of the output

[ Conte, BF, Serret (CPC ’13); Conte, Dumont, BF, Wymant (EPJC ’14) ]

!
SAMPLEANALYZER 

FASTJET * 
ROOT 

DELPHES 3 **

Libraries
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Getting started...

✦ Requirements	
✤ PYTHON 2.6 or more recent	

 (but not the 3.X series)	
✤ The GNU GCC compiler	
✤ The NUMPY PYTHON library

✦ Installation	
✤ Download: launchpad.net/madanalysis5	
✤ Current version: MADANALYSIS5 v1.4	
✤ Starting the code:  bin/ma5

✦ Presence tested on startup

New in v1.4
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Optional packages

✦ Other optional packages	
✤ ZLIB headers and libraries (g-zipped files)	
✤ LATEX, PDFLATEX, DVIPDF (         reports)	
✤ FASTJET (jet reconstruction)	
✤ DELPHES (detector simulation)

LATEX

✦ Prior to version v1.4	
✤ Problems with the PYROOT / ROOT libraries for a significant number of users	
✤ Compilation issues	
✤ Nightmares with Mac OS (partially fixed with v1.3)

✦ Solution with version v1.4	
✤ PYROOT not needed anymore	
✤ ROOT libraries optional	
✤ MATPLOTLIB can be used instead	
✤ Histograming:	

★ With ROOT or MATPLOTLIB if present; C++ / PYTHON files always generated	
★ Easy selection the graphical package to use: 	

★ SAF (text) output always present	
✤ Recasting mode: ROOT must be there (to be able to used DELPHES) New in v1.4
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Collider phenomenology with MADANALYSIS 5
✦ Getting lost?	

✤ In-line help: the tab key	
✤ Auto-completion

More information: tutorial

✦ Events	
✤ Event samples collected as datasets

✦ Particle/multiparticle identification	
✤ Labels can be linked to PDG codes	
✤ PDG codes are default

✦ Analysis tools: cuts, object definition, plots	
✤ Cuts: the select/reject commands	
✤ Histograms: the plot command
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Example
✦ Simple Drell-Yan vs. top-antitop analysis

More information: tutorial

New figure layout in v1.4
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Reconstructing showered/hadronized event files

✦ The output of a parton shower code is non-practical for an analysis	
✤ It contains many (many many) hadrons ➢ large event files, hard to read	
✤ Jets rather than individual hadrons are desired ➢ reconstruction

✦ Event reconstruction with DELPHES (ROOT is mandatory)	
✤ DELPHES (with special MA5TUNE detector cards) is interfaced to MADANALYSIS 5	
✤ Can be installed easily:	
✤ Easy to use

More information: tutorial

✦ Jet reconstruction with FASTJET	
✤ FASTJET is interfaced to MADANALYSIS 5	
✤ Automatic detection; if not present:	
✤ Easy to use; b-tagging and tau-tagging modules available

More information: tutorial

✤ Output: LHE or LHCO file with jets, leptons, missing energy, etc. 	
(can be further used for analysis)

✤ Output: DELPHES ROOT file with all reconstructed objects (can be further used)
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Reinterpreting LHC physics analyses (1)

✦ Exploit the full potential of the LHC (for new physics)	
✤ Priority #1 of the European strategy for particle physics	
✤ Designing new analyses to probe new ideas	
✤ Recasting LHC analyses to study models not considered

 Prospectives (based on MC simulations)

The LHC legacy

✦ LHC data has been collected with significant human and financial efforts	
✤ Important for on-going analyses (within popular theoretical contexts of today)	
✤ Important for future opportunities (within future scientific contexts)

[ Kogler, South & Steder (JPCS’12) ]✦ Data preservation in high-energy physics is mandatory 	
✤ Studies are on-going and go beyond raw data (ICFA DPHEP Study Group)

✦ Related tools need to be supported by the entire community	
✤ Both theorists and experimentalists	
✤ Allowing for the reinterpretation of the LHC analysis results

[ Kraml et al. (EPJC’12) ]
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Recasting in MADANALYSIS 5

Tuned detector 
simulation 

✦ The recasting strategy in MADANALYSIS 5

✤ 2 options for detector effects	
★ DELPHES/PGS-like 	

(resolutions, efficiencies, etc.)	
★ RIVET-like (transfer functions) 

✦ There are plethora of new physics realizations that deserve to be studied	
✤ Our choice: rely on a public detector simulator mimicking the ATLAS-CMS simulations	
✤ Need for a (public) framework where LHC analyses can be easily implemented

[ Conte, Dumont, BF, Wymant (EPJC ’14); Dumont, BF, Kraml et al. (EPJC ’15) ]
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Recasting made easy with MADANALYSIS 5 (1)
✦ Confronting a BSM signal to LHC analyses is straightforward	

✤ Starting point: a showered/hadronized event file	
✤ Installation of the detector simulators: DELPHES and DELPHESMA5TUNE	
✤ Installation of the analysis libraries: PAD and PADFORMA5TUNE

✤ Recasting is then reduced to selecting the analyses of interest

✦ Snippet of the recasting card (only on/off switches to be set by the user)	
✤O(20) 8 TeV ATLAS and CMS analyses; 2 13 TeV ATLAS analyses

New from v1.3

More information: tutorial
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Recasting made easy with MADANALYSIS 5 (2)
[ Conte, BF, Serret (CPC ’13); Conte, Dumont, BF, Wymant (EPJC ’14) ]

✦ Snippet of the output file (example: low statistics ➢ lots of ‘-1’ in the example)	
✤ CLs if a signal cross section is provided	
✤ Cross sections excluded at the 95% CL
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Reimplementing new physics LHC searches

✦ The MADANALYSIS 5 way for recasting an LHC search	
✤ Use of the expert mode of the program as a framework	
✤ Use of DELPHES 3 for detector simulation (with dedicated detector descriptions)

✦ Complications: incomplete experimental documentation 
✤ The material is better and better	
✤ Loss of months in exchanges with ATLAS and CMS	
✤ Sometimes dead ends

✦ Validation of the reimplementations	
✤ Built-in differences: DELPHES versus ATLAS and CMS detector simulations	
✤ Comparison of cut-flows, kinematical distributions for specific benchmarks	
✤ Aiming for a 20%/30%-level agreement
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Implementing a new analysis in MADANALYSIS 5

✦ Picking up an experimental publication	
✤ Reading	
✤ Understanding

✅  Relatively easy

✦ Writing the analysis code in the tool internal language ✅  Relatively easy

✦ Getting the information missing from the publication for a proper validation	
✤ Efficiencies (trigger, electrons, muons, b-tagging, JES, etc.)	

★ Including pT and/or 𝜼 dependence	
★ Accurate information	

✤ Detailed cutflows for some well-defined benchmark scenarios	
★ Exact definition of the benchmarks (spectra)	
★ Event generation information (cards, tunes, etc.)	

✤ Expected number of events in each region and cross sections	
✤ Digitized histograms (e.g., on HEPDATA)

⚠️  Essential
❌  Often difficult!

✦ Comparing theory tools and real life
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Example 1: CMS-SUS-13-11 (stops with one lepton)

✦ All missing information was provided

✅
 Update of the analysis wiki page 
 Shared LHE files and PYTHIA cards

✦ Missing information for the validation	
✤ Efficiencies	
✤ Cutflows and Monte Carlo information for given benchmarks

Discussions with 
CMS needed

✅

✦Validation [ D
um

ont, B
F, W

ym
ant (2014) ]
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Example 2: ATLAS-EXO-2014-04 (monophoton)
✦ Missing information	

✤ Crack in the detector: no photons in the [1.37-1.52] 𝜼-range 

✤ Tight photon requirements

✅  In ATLAS-COM-PHYS-2014-542

✦ Event generation for the test benchmarks	
✤ Monte Carlo information (cards, tunes, etc.) ✅  Kindly provided by ATLAS

[ B
arducci (2015) ]

Very good results 
(ratio of efficiencies)

Discussions with 
ATLAS needed

✅
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The Public Analysis Database (PAD) of MADANALYSIS
[ Dumont, BF, Kraml et al. (EPJC ’15) ]

✦ Snippet of the webpage

Dedicated	
DELPHES cards

Validation information	
(cutflows, distributions, etc.)

Code from INSPIRE

✦ Can be automatically installed within MADANALYSIS 5
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MADANALYSIS 5 analyses on INSPIRE

✦  MADANALYSIS 5Implementation of LHC analyses can be uploaded on INSPIRE	
✤ DOI are assigned: can be cited, searched for, etc.	
✤ Versioning

Files are versioned, can be downloaded
Codes can now	

 be cited in papers

[ Dumont, BF, Kraml et al. (EPJC ’15) ]

DOI to be cited	
 in papers
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Importance of the NLO effects: the stop-pair case
[ Ambrogi, Conte, BF, Kulkarni & Molter (in prep.) ]

✦ Two types of simulation for the signal (NLO+NLL normalization)	
1. Simulated signal à la CMS: p p → t t* + 0,1,2 jets @LO;  PYTHIA 8 with the MONASH tune	
2. Simulated signal: p p → t t* + 0 jet @NLO;  PYTHIA 8 with the MONASH tune	

~ ~

~ ~

✦ Analysis: single-leptonic (plus MET) decay of the stop pair (CMS-SUS-13-011)	
✤ Jet selection: 4 jets (mainly issued from the stop-antistop system decay)

✦ Are the limits changing according to the simulation details?	
✤ Not really (due to the many jets already there at LO)	
✤ May be different for jet-dependent analyses (monojets, etc.)	
✤ How do the theoretical uncertainties on the limit change?

t t* + 0,1,2 jets 	
MLM-merged	

PYTHIA 8

~ ~

[ M
A

D
A

N
A

LY
SIS 5 ]

t t* + 0 jet 	
NLO, PYTHIA 8

~~

[ M
A

D
A

N
A

LY
SIS 5 ]
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NLO effects on a CLs: top-philic dark matter (1)

✦ A simplified model for top-philic dark matter	
✤ A dark sector with a fermionic dark matter candidate X	
✤ A (scalar) mediator Y0 linking the dark sector and the top Y0

X

X

t

t

✦ For central scales: mild (but visible) NLO effects on the exclusions

LO

[ M
A

D
A

N
A

LY
SIS 5 ]

NLO

[ M
A

D
A

N
A

LY
SIS 5 ]

✤ How is the picture changing when including scale variations?

✤ Could be probed with tt+MET events (CMS-B2G-14-004)

[ Arina, Backovic, Conte, BF, Guo et al. (1605.09242) ]

[ BF & Martini (2016) ]
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NLO effects on a CLs: top-philic dark matter (2)
[ Arina, Backovic, Conte, BF, Guo et al. (1605.09242) ]

✦ There are theoretical uncertainties on a CLs number

Y0
X

X

t

t

✤ An excluded point (95% CL) may not be excluded when accounting for uncertainties	
✤ The CLs number can increase / decrease at NLO	
✤ The error band is reduced
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Loop-induced processes can also be studied
[ Arina, Backovic, Conte, BF, Guo et al. (1605.09242) ]

✦ Monojet probes

Y0

X

X

t

t

t
j

[ M
A

D
A

N
A

LY
SIS 5 ]

✤ The monojet cross section rapidly falls with the mediator mass	
✤ Mediator width effects important (for the 95%CL exclusions)	
✤ CMS-EXO-12-048 [ Conte, BF & Guo (2016) ]
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Future: full embedding in MADGRAPH5_aMC@NLO

✦ Full streamlining of the simulation chain (after all, MAD is MAD)	
✤ Hard-scattering process inputted in MG5_aMC (and that’s all!)	
✤ Shower/hadronization driven by MG5_aMC	
✤ Parton-level analysis (with MADANALYSIS 5)	
✤ Several reconstructions of the showered/hadronized events	

★ Using the FASTJET interface of MADANALYSIS 5	
★ Using the DELPHES interface of MADANALYSIS 5 	

✤ Reconstructed-level analyses (with MADANALYSIS 5)	
✤ Recasting (with MADANALYSIS 5)	
✤ No storage of large HEPMC or ROOT file
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Summary

✦ The LHC legacy	

✤ Crucial to be able to reinterpret the LHC results in any theoretical context	
✤ MADANALYSIS 5 has been actively developed along these lines 	

★ User-friendly way to confront any MC-simulated BSM signal to LHC results	
✤ Reproducibility is the ability of an entire experiment to be reproduced	

(possibly by an independent theoretical study)

✦ MADANALYSIS 5:	
✤ A framework for collider phenomenology (parton, hadron & reco level)	
✤ User-friendly by means of its PYTHON interface	
✤ Flexible thanks to its C++ kernel	
✤ Interfaced to several HEP packages http://launchpad.net/madanalysis5

✦ Two modes of the code	
✤ PYTHONIC: intuitive commands typed in a PYTHON interface	

★ Analyses performed behind the scenes	
★ Human readable reports as output	

✤ C++: programming in the SAMPLEANALYZER framework (the MADANALYSIS 5 core)

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


