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Motivation

• LHC is the high energy frontier machine to explore the TeV scale and provide 
answers to many key questions in particle physics. 

• There are high hopes for groundbreaking discoveries shedding light on 
electroweak symmetry breaking (Higgs mechanism or some other new dynamics)            
and new physics beyond the Standard Model (BSM).

• Need to interpret LHC results in the contexts of all kinds of models of new 
physics; crucial if we are to unravel the correct theory and determine its 
parameters. 
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• The complexity of 

a) the experimental analyses and 

b) the possible new physics models 

requires active collaboration of experimentalists and 
theorists to fully exploit the LHC potential. 
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Experimental results

• The ATLAS and CMS collaborations are providing 
detailed results of searches in many different 
topologies and final states. 

• The experimental groups typically interpret their 
results in the contexts of the most popular new 
physics scenarios; regarding supersymmetry, for 
instance, within the constrained minimal 
supersymmetric standard model (CMSSM). 

• In addition, many analyses are interpreted within so-
called Simplified Models, designed as an effective-
Lagrangian description of a small number of new 
particles. 

• However, there exists such a vast variety of BSM 
theories, that clearly a broad effort featuring close 
teamwork of theorists and experimentalists is 
required in order to carry out a sufficiently wide 
range of interpretation studies. 
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Our aim

• Develop and maintain a coherent analysis framework 

- based on fast simulation, that

- collects all public LHC results on searches for new physics                    
(includes of course also all available information on the Higgs) 

- allows for testing of a large variety of BSM scenarios. 

• Include in addition all relevant data from other sectors: 

- flavor physics, 

- direct dark matter searches, 

- cosmological observations, etc.. 

• Investigate implications for SUSY and non-SUSY models

• LPSC - LAPTH - CERN collaboration involving theorists & experimentalists

PEPS-PTI project “Tools for presentation, preservation and interpretation of LHC results” with G. Belanger,        
C. Diaconnu (Marseille), B. Fuks (Strasbourg), F. Mahmoudi (Clermont):  6000 Euro in 2012.
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see also
 ANR project 

presented by Genevieve
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• Sample the pMSSM parameter space by a Markov-Chain Monte Carlo (MCMC) 
technique which through a likelihood function incorporates various pre-LHC 
measurements (b→sγ, B→µ+µ-, g-2, LEP mass limits, ...). 

• For a random subset of 500K points, simulate 10K events per point and  
calculate the signal yields for 3 disjoint CMS SUSY analyses for ~1fb-1 of data              
(αT hadronic, same-sign dilepton, opposite-sign dilepton)

• In practice: re-weight the pre-LHC likelihood of these 500K points with the 
“CMS likelihood” (since the analyses are disjoint, the total likelihood is the 
product of the individual L’s).

• Performing a global Bayesian analysis, we obtain posterior probability densities of 
parameters, masses and derived observables. 

• In contrast to constraints derived for particular SUSY breaking schemes, such as 
the CMSSM, our results provide more generic conclusions on how the current 
data constrain the MSSM.

Interpreting LHC SUSY searches in the
“phenomenological MSSM” (pMSSM)

S. Sekmen, SK, et al., arXiv:1109.5119 

neutralino LSP, no long-lived sparticles

Pioneering study
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BCR: Bayesian credible region − these are not exclusion curves!

arXiv:1109.5119

Neutralino/chargino versus gluino mass

1/fb
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The team (so far)
• LAPTH: 

- Genevieve Belanger (CNRS)

- Jonathan da Silva (PhD student)

• LPSC: 

- Marie-Helene Genest (CNRS)

- Sabine Kraml (CNRS)

- Suchita Kulkarni (postdoc) 

- Beranger Dumont (PhD student)

• Very time-consuming work, more manpower needed → the project would 
highly benefit from a postdoctoral researcher who works 100% on this.

• Interested people at LAPP, LAPTH, LPSC are welcome to join
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arXiv:1109.5119
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Additional material
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Beware the CMSSM

• CMSSM: Constrained Minimal Supersymmetric Standard Model

• Assumes rather ad-hoc boundary conditions at the GUT scale

- universal gaugino mass m1/2

- universal scalar mass parameter m0

- universal trilinear coupling A0

• Consequences:

- Gluino : wino : bino (LSP) mass roughly 7 : 2 : 1 

- Squark masses related to gluino mass

- Slepton masses related to gaugino and squark masses

• Convenient toy model for benchmark studies, but need to keep in 
mind that a constrained model gives a constrained phenomenology.
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Beyond the CMSSM

Simplified Models

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

A simplified model is defined by an 
effective Lagrangian describing the 
interactions of a small number of new 
particles. Simplified models can equally 
well be described by a small number of 
masses and cross-sections. These 
parameters are directly related to collider 
physics observables, making simplified 
models a particularly effective framework 
for evaluating searches and a useful 
starting point for characterizing positive 
signals of new physics.

D. Alves et al., arXiv:1105.2838

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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arXiv:1203:2489THE EUROPEAN PHYSICAL JOURNAL C - PARTICLES AND FIELDS
Volume 72, Number 4 (2012), 1976

SPECIAL ARTICLE - TOOLS FOR EXPERIMENT AND THEORY

http://www.springerlink.com/content/1434-6044/
http://www.springerlink.com/content/1434-6044/
http://www.springerlink.com/content/1434-6044/72/4/
http://www.springerlink.com/content/1434-6044/72/4/
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