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The Standard Model



The ATLAS Experiment



Vector Boson Scattering

• In the standard model of particle 
physics, the W+, W−, and Z are 
so-called vector bosons that 
transmit the weak force 
responsible for nuclear decay. 
• But those bosons can also 

scatter off each other with a 
cross section that is sensitive to 
the many details of the theory. 



Monte Carlo Simulation Generated Events

VBFNLO is a flexible parton level Monte Carlo 
program 

1. the simulation of vector boson fusion 
(VBF)

2. QCD induced single and double vector 
boson production plus two jets

3. double and triple vector boson 
production (plus jet) in hadronic
collisions at next-to-leading order (NLO) 
in the strong coupling constant

4. Higgs boson plus two jet production via 
gluon fusion at the one-loop level. Feynman diagram of Z boson 

production via weak boson fusion



Current Work and Goals

• With the understanding of background physics, run the simulation 
program with certain configuration (e.g. support for ROOT 
Framework, evaluation of scalar and tensor one-loop integrals, etc.) 
to calculate the scattering cross-section
• Compare the simulation result to the previous runs with different 

configurations
• Each run takes about 20 hours on the server
• Extract the information from the generated LHE file to a ROOT tree
• Further analysis of the histograms from the ROOT tree





Log	in	UM’s	server	remotely







Learning Skills

• Physics
• Scattering processes in more details
• Parameters and terminology used

• ATLAS software environment
• Linux commands and Bash scripts
• ROOT Analysis Framework

• The Toolkit for Multivariate Data Analysis with ROOT (TMVA), a 
standalone project (link is external) that provides a ROOT-integrated 
machine learning environment for the processing and parallel evaluation 
of sophisticated multivariate classification techniques. 
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