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My educational and professional experience has been in experimental high energy physics on the “Collider Detector at Fermilab” (CDF) experiment.  The Fermi National Accelerator Laboratory (i.e. “Fermilab”) was the home of the “Tevatron,” a circular particle accelerator that that manipulates beams of protons and antiprotons (i.e. the antimatter equivalent of protons) and collides them at nearly the speed of light.  These high energy collisions produce exotic matter states that can only exist briefly and under such extreme conditions.  The CDF detector experiment is a high energy particle detector that records the products of the proton-antiproton collisions produced by the Tevatron.  With the Tevatron producing these high energy collision and CDF recording the products of those collision, they have the combined objective of studying and discovering the fundamental physics underlying the universe.

My responsibilities as postdoctoral research associate for Texas A&M University and as a graduate student for the University of Wisconsin-Madison can be summarized in two general categories:
1 To help run and maintain the CDF detector, participating in data-taking operations until the experiment was shut down in September 2011.
2 To analyze the collider data for the purpose of experimentally verifying known physics and search for signs of new physics.
Data analysis operations at CDF are conducted primarily in a Linux/C++ environment, from the controls of the collider detector, to the initial data-acquisition, data-processing, and final analyses.  My analysis responsibilities have included building data analysis frameworks (based in C++ with an object-oriented structure) to 
· manipulate raw data into a scientifically usable form; 
· build Monte Carlo simulation models to define our expectation from known physics; 
· compare the experimental data to the modelling of our expectation to measure a particular physical process that is observed or set statistical limits excluding a hypothetical physical process being searched for (common tools are likelihoods, likelihood ratio tests, neural network discrimination, p-values, and confidence level limits);
· write scientific documentation for both internal reports and publication; 
· present research at conferences;
· and, as a postdoctoral researcher, to lead and mentor graduate students in all matters related to our research.
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1 Search for the Higgs Boson in the Three-Lepton Signature:  This analysis consisted of my Ph.D. dissertation work at the University of Wisconsin.  In this study, I wrote the first analysis searching for the Higgs boson in the scenario where it decays to three leptons (electron-like particles) and neutrinos.  I modelled the expectation for the data with Monte Carlo simulated data, trained a Neurobayes Neural Network to discriminate background-like events from signal-like events, and set statistical confidence level limits on the search.  This analysis was combined with several others to comprise the ‘Evidence for Higgs Boson Announcement’ by Fermilab on July 2nd 2012 and several publications.
2 Measurement of WZ Diboson Production Rate:  As a side project to my Higgs boson study, I created another study measuring the production rate of the WZ diboson state, which is the largest background component to the Higgs analysis.  After again using a Neurobayes neural network to discriminate signal from background, a maximum-likelihood method was used to measure the rate of the WZ process.  This result was published in the summer of 2012 in the journal Physical Review D.
3 Search for New Physics in Delayed Photon and Missing Energy Signature:  This was my first study as a postdoctoral researcher for Texas A&M University.  For this study, I built a new data analysis framework for a research program studying collider events that produce photons that arrive in the CDF detector late relative to expectations (on the order of several nanoseconds).  This is an object-oriented, C++ framework that filters and processes detector data, creates data files, models the expectation, and searches for signs of undiscovered physics.  A paper for publication is currently in review and studies are ongoing.
4 Measurement of Spatial Asymmetries in the Production of Top-Antitop Quark Pairs:  The top quark is the most massive fundamental particle discovered and currently a very active area of research.  I have recently taken over administration of a research area that studies the spatial distribution of the decay products of top-antitop quark pairs that are produced in the proton-antiproton collisions of the Tevatron.  The usual data processing occurs in a C++ framework similar to other analyses, but the analysis of that data is subsequently in a Python format for technical reasons.  Top quarks decay far too quickly to be detected directly, so this analysis aims to reconstruct their original momentum vectors from those of the decay products that are detected.  Monte Carlo simulated data is used to define a transition matrix from the initial top quark momentum vectors to the momentum vectors of their final detected decay products, then a singular value decomposition process is used to invert that transition matrix and infer the top quark distribution implied by experimental data.

