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New phenomenology group
at the Vrije U. Brussel

• A 5-year GOA (Geconcentreerde Onderzoeksactie) project on “Supersymmetric models 
and their signatures at the LHC”

• Ben Craps, Alexander Sevrin, Alberto Mariotti (theory)

• Catherine De Clercq [IceCube], Jorgen D’Hondt [CMS] (experiment)

• Fabio Maltoni (pheno) - UCL/CP3

• The main goal of the project is

• to establish a complete chain from fundamental theory to experiment.

• to use this chain to study possible signatures of SUSY models at the LHC.

• New phenomenology members since last fall

• Kentarou Mawatari (from U. Heidelberg) -Project leader

• Phillip Grajek (from KEK, Japan) -PD

• Bettina Oexl (from U. Tuebingen) -PhD

• Contact to

• http://we.vub.ac.be/dntk/GOA.html

• pheno@vub.ac.be / kentarou.mawatari@vub.ac.be
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Outlines

• Motivation

• NLO cross sections

• MadGolem

• Squark-neutralino productions at the LHC

• Summary and outlook

• (5-min tutorial)
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SUSY search
at the LHC
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SUSY search
at the LHC

K = σNLO/σLO ～ 1.2 - 1.5

Accurate NLO prediction is required.
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PROSPINO
• PROSPINO [Beenakker, Höpker, Krämer, Plehn, Spira, Zerwas]

= PROduction of Supersymmetric Particles in Next-to-leading Order

• the only public code to compute the SUSY NLO cross sections 

• e.g. squark-gluino productions [hep-ph/9610490]
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Beyond PROSPINO
• hand-coded, process dependent, user-unfriendly, ... 
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Beyond PROSPINO
• hand-coded, process dependent, user-unfriendly, ... 

➡MadGolem: Fully automated calculation of NLO QCD corrections 
for arbitrary 2-to-2 processes in generic BSM framework
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NLO cross sections
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NLO cross sections
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NLO cross sections
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MadGolem
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MadGolem
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MadGolem

• Qgraf: generates loop diagrams

• GOLEM (General One-Loop Evaluator for Matrix elements)
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MadGraph

Qgraf+Golem
Feynman-diagram-based method with spinor helicity formalism
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MadGraph Extended MadDipole
Catani-Seymour dipole subtraction method

Qgraf+Golem
Feynman-diagram-based method with spinor helicity formalism
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• the first application of the fully automized 
MadGolem package

- The one-loop QCD corrections for this process 
did not yet appear in the literature.

- potential source of monojet+missE signatures 

arXiv:1108.1250
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squark-neutralino1 productions
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Real and virtual corrections

• NLO corrections are 
insensitive to the 
squark masses.

• The virtual corrections 
are dominant.

• K = σNLO/σLO ～ 1.4
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Structure of the NLO corrections

• dominated by pure QCD 
virtual gluon interchange 
& real gluon emission.

• SUSY-QCD corrections 
entail a subleading 
contribution.
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Scale dependences
• One of the main reasons to base LHC analyses on higher-

order rate predictions is the stabilization of the dependence 
on the unphysical renormalization and the factorization scales.

• MadGolem is based on the MG/ME framework, so it is easy to 
change the scale choices in run_card.dat.
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NLO cross section predictions
including the scale uncertainty

• Δσ/σ ～ 70%

@ LO

• Δσ/σ ～ 20%

@ NLO

• The theory 
uncertainty is 
largely reduced.
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Summary and outlook
• MadGolem completely automates the calculation of NLO 

QCD corrections for generic BSM 2-to-2 processes within the 
MadGraph/Golem framework.

• The squark-neutralino production is the first application, and all 
SUSY-pair production processes will be publicly available soon.

• To-do-list

- Alternative BSM models: leptoquark, sgluon, ...

- MENLOPS matching

- MadGolem in the MG5 framework

- ...
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