SEARCH FOR THE SUPERSYMMETRIC PARTNER OF THE TOP QUARK IN DILEPTON EVENTS PRODUCED IN PROTON-ANTIPROTON COLLISIONS AT √ s= 1.8 TeV

A Thesis Submitted to the Faculty of Purdue University by Arnold Pompoš

In Partial Fulfillment of the Requirements for the Degree of Doctor of Philosophy

December 2002

Dedicated to Šárka, my mother Rózsika and father Gyula.

ACKNOWLEDGMENTS

It is like a sequential electric circuit. It will not function if even only one of its elements is missing. Here, I will try to express my deepest thanks to elements of my circuit. Šárka, without your infinite continuous support and love, my doctoral thesis would have stopped at this section. Thank you for making sure that the “Results” chapter also got included. I thank my parents Rózsika and Gyula for the trust in me and love they showed to me every minute of my life. You made it easier for me to make crucial decisions, among them to start and finish my doctoral studies far away from you. Ctirad, Prof. Ctirad Klimčík, my advisor during my studies in Prague. Thank you for opening the door to the world of science for me. You made it possible for me to travel and gain valuable experience at Europe’s prime high-energy labs and science institutions.

Who knows what would have happened if I have not met Prof. László Gútay at CERN who offered me the possibility to study at Purdue University. Thank you for making the jump across the Atlantic ocean easy and smooth for me. Because of you and your wife Éva, I continued to be surrounded by a lovely home environment when I arrived in America. While I thanked Šárka for making sure that I got from “Introduction” all the way to “Results”, I thank my advisors Prof. Virgil Barnes, Prof. Daniela Bortoletto and Dr. Stephan Lammel, for making sure that the chapters in between were not empty! You were the ones who introduced me to the environment of Fermilab, one of the world’s prime high-energy physics laboratories. I thank you for your endless support, trust and optimism. You were “The Living Examples” showing me how the hard scientific work can be fun and enjoyable. (Prof. Barnes on a cherry picker in the CDF assembly hall at 3 a.m. building the plug calorimeter.) Please allow me to express one more time my special thank to Dr. Stephan Lammel, my closest advisor (his office was right next to mine) at Fermilab. Stephan, you have created a scientific and human environment around you, which I think is far beyond any expectations a graduate student can have! It was a privilege to work with you and listen to your advise. Thank you.

Judy Jackson, thank you for offering me to be part of your team at the Office of Public Affairs at Fermilab. It was a great and very enjoyable experience to work with you. Last, but not least I thank everybody who helped me when I made my first steps in learning English and also those who helped me to keep my culture alive while being away from my home. Among them, Dr. Cathy Heinsohn, a friend and my true English teacher, thank you for your prompt reply (“Hi Arnold, I do not have a room for you, but welcome to America”) to my first e-mail to the Purdue community desperately looking for a place to stay: “Hello, I Arnold is look for accommodation.”. It started a priceless friendship with you. Also Prof. Arnold Tubis and the faculty of the Physics Department at Purdue, thank you for always standing behind me when various English and culture originated bumps on my road arose. Teta and Ujo Málkovi, I admire your patience. I thank you for your never-ending cheering for my best. Dr. Aba Teleki, Želka and Paul Budinsky, and many other friends whom all I cannot list here, thank you for your friendship.

I hereby gratefully acknowledge financial support during my PhD thesis research, from the U. S. Department of Energy research grant number DE-FG02-91ER40681 to the Purdue University High Energy Physics group, Task G.

TABLE OF CONTENTS

Page LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x LIST OF FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xv ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xxi 1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 The Standard Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 2.1 Particle Content of the Standard Model . . . . . . . . . . . . . . . . . 4 2.2 Symmetries of the Standard Model . . . . . . . . . . . . . . . . . . . . 7 2.3 Electroweak Symmetry Breaking through the Higgs Mechanism . . . . 8 2.3.1 Elementary Higgs Model . . . . . . . . . . . . . . . . . . . . . 10 2.3.2 Difficulties with the Higgs Sector . . . . . . . . . . . . . . . . 13 2.3.3 Composite Higgs Particle . . . . . . . . . . . . . . . . . . . . . 14 3 Supersymmetry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 3.1 Introducing Supersymmetry . . . . . . . . . . . . . . . . . . . . . . . . 16 3.1.1 The SUSY Algebra . . . . . . . . . . . . . . . . . . . . . . . . 17 3.1.2 Scalar Superfields . . . . . . . . . . . . . . . . . . . . . . . . . 19 3.1.3 Chiral Superfields . . . . . . . . . . . . . . . . . . . . . . . . . 19 3.1.4 Vector Superfields . . . . . . . . . . . . . . . . . . . . . . . . . 20 3.1.5 The Superfield Strength Term . . . . . . . . . . . . . . . . . . 21 3.1.6 The Lagrangian of Supersymmetry . . . . . . . . . . . . . . . 22 3.1.7 SUSY Breaking . . . . . . . . . . . . . . . . . . . . . . . . . . 27 3.2 The Minimal Supersymmetric Standard Model . . . . . . . . . . . . . 28 3.2.1 Particle Content of the MSSM . . . . . . . . . . . . . . . . . . 28 3.2.2 The Lagrangian of the MSSM . . . . . . . . . . . . . . . . . . 31

Page 3.2.3 SUSY R-parity . . . . . . . . . . . . . . . . . . . . . . . . . . 32 3.2.4 SUSY Breaking in the MSSM . . . . . . . . . . . . . . . . . . 33 3.2.5 Origin of the Soft Terms . . . . . . . . . . . . . . . . . . . . . 34 3.2.6 Cancellation of the Quadratic Divergences . . . . . . . . . . . 36 3.2.7 Unification of the Coupling Constants . . . . . . . . . . . . . 37 4 MSSM Particles and Their Properties . . . . . . . . . . . . . . . . . . . . . 38 4.1 Neutralinos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 4.1.1 Masses of Neutralinos . . . . . . . . . . . . . . . . . . . . . . 38 4.1.2 Decays of Neutralinos . . . . . . . . . . . . . . . . . . . . . . . 39 4.2 Charginos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 4.2.1 Masses of Charginos . . . . . . . . . . . . . . . . . . . . . . . 39 4.2.2 Decays of Charginos . . . . . . . . . . . . . . . . . . . . . . . 40 4.3 The Stop Quark . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 4.3.1 The Stop Mass . . . . . . . . . . . . . . . . . . . . . . . . . . 40 4.3.2 Scalar Top Quark Production . . . . . . . . . . . . . . . . . . 41 4.3.3 Lepton Leading Stop Decays . . . . . . . . . . . . . . . . . . . 43 5 Experimental Apparatus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 5.1 Fermilab’s Collider . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 5.2 The CDF Detector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 5.2.1 Beam-Beam Counters . . . . . . . . . . . . . . . . . . . . . . . 50 5.2.2 Tracking System . . . . . . . . . . . . . . . . . . . . . . . . . 51 5.2.3 Calorimetry . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 5.2.4 Muon Detection . . . . . . . . . . . . . . . . . . . . . . . . . . 55 5.2.5 Trigger System . . . . . . . . . . . . . . . . . . . . . . . . . . 57 6 Search Strategy for the Scalar Top Quark . . . . . . . . . . . . . . . . . . . 59 7 Reconstruction and Identification of Analysis Objects at CDF . . . . . . . . 62 7.1 Energy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 7.2 Tracks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

Page 7.3 Vertices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 7.4 Electron Identification . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 7.4.1 Clustering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 7.4.2 Geometrical Requirements . . . . . . . . . . . . . . . . . . . . 65 7.4.3 Electron Identification Variables . . . . . . . . . . . . . . . . . 66 7.4.4 Removal of Electrons Originated in Photon Conversions . . . 69 7.5 Muon Identification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 7.5.1 Muon Identification Variables . . . . . . . . . . . . . . . . . . 70 7.5.2 Cosmic Rays Removal . . . . . . . . . . . . . . . . . . . . . . 72 7.6 Jet Reconstruction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 7.6.1 Jet Clustering . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 7.6.2 Jet Corrections . . . . . . . . . . . . . . . . . . . . . . . . . . 74 7.6.3 Jet Identification Variables . . . . . . . . . . . . . . . . . . . . 75 7.7 Missing Transverse Energy Reconstruction . . . . . . . . . . . . . . . . 76 7.7.1 Missing Transverse Energy Corrections . . . . . . . . . . . . . 77 8 Identification of Leptons, Jets and the Missing Transverse Energy. . . . . . 79 8.1 Selection and Categorization of Leptons . . . . . . . . . . . . . . . . . 79 8.2 Dilepton Selection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82 8.3 Jet Selection and the Missing Transverse Energy Cut . . . . . . . . . . 82 9 Data Samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 9.1 The Run 1A SUSY Dilepton Sample . . . . . . . . . . . . . . . . . . . 84 9.2 The Run 1B SUSY Dilepton Sample . . . . . . . . . . . . . . . . . . . 84 9.3 Further Cleanup of the Search Data . . . . . . . . . . . . . . . . . . . 85 9.3.1 Leptonic Triggers Yielding Data for Stop Search . . . . . . . . 86 9.3.2 Data at Preselection: Two Leptons, Jets, and Missing E_T . . 87 10 Background Processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 10.1 Standard Model Background . . . . . . . . . . . . . . . . . . . . . . . 89 10.1.1 Heavy Flavor Production . . . . . . . . . . . . . . . . . . . . 89

Page 10.1.2 Drell-Yan Process . . . . . . . . . . . . . . . . . . . . . . . . . 92 10.1.3 Diboson Background . . . . . . . . . . . . . . . . . . . . . . . 92 10.2 Background from Misidentified Leptons . . . . . . . . . . . . . . . . . 93 10.2.1 Overall Strategy . . . . . . . . . . . . . . . . . . . . . . . . . 93 10.2.2 Origin of Misidentified Leptons and Data Samples for Fake Rates Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 10.2.3 Fake Leptons in the Minimum Bias and Jet50 Samples . . . . 97 10.2.4 Track based Fake Rates . . . . . . . . . . . . . . . . . . . . . 99 10.2.5 Creating the Lepton Plus Fake-Lepton Sample . . . . . . . . . 105 10.2.6 Fakes at Preselection: Two Leptons, Jets, and Missing E_T . . 106 11 Monte Carlo Simulations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108 11.1 Efficiency Corrections Applied to Simulated Events . . . . . . . . . . . 109 11.1.1 Trigger Efficiencies . . . . . . . . . . . . . . . . . . . . . . . . 109 11.1.2 Lepton Identification and Tracking Isolation Efficiencies . . . 110 11.2 SUSY Signal Monte Carlo . . . . . . . . . . . . . . . . . . . . . . . . . 111 11.3 Standard Model Background MC . . . . . . . . . . . . . . . . . . . . . 112 11.4 Stop Signal and SM Background at Preselection: Dileptons, Jets, Miss- ing E_T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114 12 Comparison of Observed Data with Expected Background . . . . . . . . . . 116 13 Analysis Cuts: Enhancing Signal, Reducing Background . . . . . . . . . . . 120 13.1 Missing Transverse Energy . . . . . . . . . . . . . . . . . . . . . . . . . 120 13.2 Collimation of the Missing Transverse Energy with the Leptons . . . . 123 13.3 Collimation of Missing Transverse Energy with the Dilepton System . 129 13.4 Using Jet Properties to Reduce the Background . . . . . . . . . . . . . 135 13.5 High Momentum-Transfer Processes and the Charge Correlation Cut . 139 13.6 Summary of the Cuts Used . . . . . . . . . . . . . . . . . . . . . . . . 147 13.7 Opening the Box . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148 14 Uncertainties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 14.1 Systematic Uncertainties . . . . . . . . . . . . . . . . . . . . . . . . . . 151

Page 14.1.1 Production Cross Section Uncertainty . . . . . . . . . . . . . . 151 14.1.2 Q^2 Scale Uncertainty . . . . . . . . . . . . . . . . . . . . . . . 151 14.1.3 Uncertainty Due to the Choice of the Structure Function . . . 153 14.1.4 Jet Energy Scale Uncertainty . . . . . . . . . . . . . . . . . . 154 14.1.5 Uncertainty Due to Gluon Radiation . . . . . . . . . . . . . . 155 14.1.6 Lepton Trigger Efficiency Uncertainty . . . . . . . . . . . . . . 155 14.1.7 Lepton ID Efficiency Uncertainty . . . . . . . . . . . . . . . . 156 14.1.8 Lepton Tracking Isolation Efficiency Uncertainty . . . . . . . 156 14.1.9 Uncertainty on Integrated Luminosity . . . . . . . . . . . . . 156 14.1.10 Fake Rates Uncertainties . . . . . . . . . . . . . . . . . . . . . 156 14.1.11 Uncertainties of Fakes’ Contributions to the Dilepton Sample 157 14.2 Statistical Uncertainties . . . . . . . . . . . . . . . . . . . . . . . . . . 157 14.3 The Total Uncertainty . . . . . . . . . . . . . . . . . . . . . . . . . . . 158 15 Results and Setting Mass Limits . . . . . . . . . . . . . . . . . . . . . . . . 160 16 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164 LIST OF REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165 APPENDICES Appendix A: Conventions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169 Appendix B: Chiral Spinors . . . . . . . . . . . . . . . . . . . . . . . . . . . 170 Appendix C: Anticommuting Variables . . . . . . . . . . . . . . . . . . . . . 171 Appendix D: Weyl-spinors . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172 Appendix E: From Dirac to Weyl Notation . . . . . . . . . . . . . . . . . . 174 Appendix F: Run 1A and Run 1B SUSY Dilepton Sample ID Cuts . . . . . 176 Appendix G: Run 1A and Run 1B Data Trigger Paths . . . . . . . . . . . . 178 Appendix H: Monte Carlo Generated Stop Signal Files . . . . . . . . . . . 181 VITA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182 xxi

ABSTRACT

Pompoš, Arnold, Ph.D., Purdue University, December, 2002. Search for the Supersymmetric Partner of the Top Quark in Dilepton Events Produced in Proton- Antiproton Collisions at √ s= 1.8 TeV. Major Professors: Virgil Barnes, Daniela Bortoletto.

Supersymmetric partners of top quarks, stops, will be pair produced at the Fermi National Accelerator Laboratory in proton-antiproton collisions at a center-of-mass energy √ s= 1.8 TeV if kinematically accessible. Within the framework of the Minimal Supersymmetric extension of the Standard Model, the stop quarks are assumed to decay into a lepton, a bottom quark and a supersymmetric neutrino, sneutrino. Thus the experimental signature of stop presence in the data would be two opposite electric charge leptons, hadronic jets and substantial energy imbalance in the detector due to the escaping, undetected sneutrinos. We searched a total of ∫ Ldt = 107.2 pb^{−1} of data collected by the Collider Detector at Fermilab experiment. No evidence of a stop signal has been found which allows us to calculate a 95% confidence level upper limit on the number of stop-originated events in the data of this size. We have translated this into a 95% confidence level exclusion region in the stop versus sneutrino mass plane.

1. Introduction

Each era of human history had great thinkers who believed that “law and order” exist in our Nature. They were convinced that Nature, its structure and laws can be described and understood all the way down to the most fundamental levels. Due to the tremendous technical improvements of available experimental techniques, the view of the underlying structure and governing law of the world is constantly evolving. First, it was the theory of four elements, fire, water, soil and air. It continued through Dalton’s atomic theory to the deterministic description of solid bodies, light, thermodynamic ensembles, electromagnetic and gravitational field. At the frontier today, we believe the right description of Nature is the probabilistic theory of the tiniest elements of our world, the smallest entities we are made of, the elementary particles. The understanding and description of this microworld reveals its very fundamental connection to the megaworld of stars, galaxies and ultimately the universe itself.

So far the most successful theory of elementary particles and their interactions is the Standard Model (SM) [1, 2, 3]. It is based on fundamental symmetries existing in the quantum world. It gives a very good description of all phenomena existing at energy levels we can probe with current experiments. Nevertheless, physicists realize that it cannot be the ultimate theory of everything, because it does not answer some fundamental questions. It fails to incorporate gravity, it breaks down at very high energy scales and does not predict the values of its parameters. Therefore, there must be a theory beyond the Standard Model.

One good candidate for such a theory is the Minimal Supersymmetric extension of the Standard Model (MSSM) [4, 5, 6]. It introduces the idea of the existence of a new symmetry of Nature, supersymmetry (SUSY), which unifies the spin-half fermions

Table 1.1 Running periods of the Fermilab Tevatron and corresponding luminosities collected by the CDF experiment.

Run 1A Run 1B Data Taking Period 08/1992 - 05/1993 01/1994 - 06/1995 Integrated Luminosity 18.6 pb^{−1} 88.6 pb^{−1}

with integer-spin bosons. SUSY doubles our world of elementary particles, because it assigns to each SM particle a supersymmetric partner whose spin differs by one half.

In this thesis we present the results of our experimental search for the supersymmetric partner of the top quark, the stop quark. We searched the proton-antiproton collision data (see Tab. 1.1) produced at a center-of-mass energy of 1.8 trillion electron volts, collected by the Collider Detector at Fermilab (CDF) at the Fermi National Accelerator Laboratory, near Chicago, USA.

The thesis has the following structure. In chapter 2 we give a brief introduction to the Standard Model. Chapters 3 and 4 summarize the theory of supersymmetry, describe the Minimal Supersymmetric Standard Model and show its particle content focusing on particles related to our search. In chapter 5 we describe the experimental apparatus, Fermilab’s proton-antiproton collider, the Tevatron, and the detector of the pp̄ collision products, the CDF detector. In chapter 6 we introduce our strategy of the search for the superpartner of the top quark. Chapters 7 and 8 define particles in terms of detector measurable quantities. Chapter 9 introduces the data set in which we searched for the stop quark. Various background sources mimicking the stop signal are described in chapter 10. In chapter 11 we introduce the Monte Carlo event generator which allows us to study in great detail the expected stop and background events. The first comparison of observed data with expected signal and background is done in chapter 12. In chapter 13, selection cuts on various event variables are developed in order to enhance the signal and reduce the background. The uncertainties of our measurement are discussed in chapter 14. Finally, results of the search and the conclusion are presented in chapters 15 and 16. Appendices A-E describe some of the mathematical tools used to build the MSSM. Appendix F lists the lepton identification cuts applied to select the Run 1A and Run 1B SUSY dilepton samples. Appendix G shows the trigger spectrum of the analyzed data, and Appendix H summarizes the number of generated and expected stop events for various points in the MSSM parameter space.

15. Results and Setting Mass Limits

We have done a “blind” search for the stop quark. This means the collected data were explored only with loose preliminary cuts, where the expected signal is still swamped by background, until we developed the sets of selection cuts (done on MC generated events and “fake lepton” events simulated from non-search-sample CDF data) that would distinguish in a statistically significant way the stop signal from expected backgrounds. After applying the selection cuts to the search data sample, no evidence was found for the existence of a light stop quark that would decay into a light sneutrino, lepton and a bottom quark. The zero observed events are consistent with the expected small background. This allowed us (see below) to set a 95% confidence level (C.L.) upper limit on the number of signal events which could have been in a search sample of this size.

Since the number of experimentally observed events n_0 is a result of drawing from a Poisson distributed variable whose mean is μ, the probability of observing n_0 events is given by P (n_0; μ) = μ^{n0} e^{−μ} n_0! . We wish to find a real number N, such that there is a probability ϵ to observe n_0 or fewer events, (i.e. a probability 1 − ϵ to observe more than n_0 events) ϵ = n_0∑

n=0 P (n; N) =

n_0∑

n=0 N^ne^{−N} n! . If the predicted number of events for a given m~_t, m_{ν̃} exceeds N, there is even less than ϵ probability of seeing as few events as are observed, and we are able to rule out such region of m~_t, m_{ν̃} parameter space with even greater than 1 − ϵ confidence level. In our case n_0 = 0 events^1. We have 0.05 = P (0; N) =^{N 0e−N}_{0!} , therefore N =

1Since we do not observe any events, we also do not observe any background μ_b among them and our formulae will be somewhat simpler than the ones which include possible background subtraction.

− ln 0.05 = 2.99. This result tells us that with a 95% probability, at most three stop signal events statistically, might have been observed in the data. Therefore, any mass combination of stop and sneutrino predicting more than three events after all selection cuts were placed is excluded with 95% probability. This would be true, if we were able to predict the possible stop signal events without any uncertainty. In Sec. 14.3, we found a combined theoretical and experimental uncertainty of δ_{signal} = 37.8%. To incorporate them into the upper limit N, we must determine the mean of a Poisson distribution which is “smeared” by a Gaussian distribution of width δ_{signal}, such that the probability of observing zero events is 95%. While for the no-uncertainty case we were able to find an analytic solution, we use a Monte Carlo procedure to fold in the uncertainties.

The CDF experiment has adopted the following method of determining the upper limit N for non-zero δ_{signal}. We assume a Gaussian distribution G(N, δ_{signal}) = 1 √_{2πδ2signal} e^− (x−N)2 2δ2signal with mean N and width δ

signal. We assume a Poisson probability

distribution P (n_0, N) =^{N n0 e−N}_{n0!} for the measured number of events n_0 with a mean N. This N is to be determined. We start from an arbitrary initial value of N denoted N_{init}. We randomly generate a real ν according to G(N_{init}, δ_{signal}). We repeat this 10,000 times. We count how many times (denoted c) we obtain a non-negative ν such that after using it as the mean of a Poisson distribution we generate an integer number that is greater than n_0. The ratio^c_{10000} is called ϵ_{init}. Then we check if this ϵ_{init} coincides with the desired ϵ (of course within desired precision). If not, the initial guess N_{init} is adjusted to N_1 and with the above procedure ϵ_1 (instead of ϵ_{init}) is determined. We repeat the search for N_i until the desired confidence level 1 − ϵ_i = 1 − ϵ is reached. We use poilim.f, a CDF program[72] for executing the above procedure.

In our case, when we observed n_0 = 0 events with the uncertainty of the expected signal being δ_{signal} = 37.8% the 95% C.L. upper limit of stop events in the data is determined to be N = 4.01 events. This allows us to exclude at 95% C.L. any stop and sneutrino mass combination (listed in Tab. H.1), that predicts^2 at least 4.01 signal events in the CDF Run 1 data.

The CDF excluded region is graphically shown on Fig. 15.1 as a shaded contour. We also show the results of Fermilab’s DO/ experiment[73] and CERN’s LEP experiments[33, 34, 35] (for the minimum stop mixing angle θ = 0^∘ i.e. the maximal reach). The band at m_{ν̃} = 44.7 GeV is the current most general, model independent upper limit on the sneutrino mass[13]. Our exclusion contour starts at m~_t = 80 GeV/c^2 because those are the lowest stop mass Monte Carlo points we have generated to have a good overlap with LEP’s excluded region. Close to the kinematic limit, m~_t ≥ m_{ν̃} +m_b, our sensitivity is limited by the ability to detect the low energetic leptons and jets, eventually losing the stop signature, i.e the required two leptons and jet. In the high stop mass region, our reach is determined by the rapidly falling stop production cross section. In contrast to the DO/ strategy, with our selection cuts, we select a kinematic region with the smallest possible background and large enough signal^3. This way, we minimize the impact of the rather large systematic uncertainties on our result.

The maximum sneutrino mass we exclude is m_{ν̃} = 88.4 GeV/c^2 for m~_t = 126 − 127 GeV/c^2 . The highest stop mass we reach is m~_t = 135 GeV/c^2 for m_{ν̃} = 72 − 79 GeV/c^2 .

2with either the high or low Δ(m_{t̃}, m_{ν̃} ) mass gap set of cuts 3If we loosen some of the cuts designed to distinguish stop signal from top background, we would gain back some signal events compensating the falling cross section, but with the available integrated luminosity we would not be able to distinguish them anymore from the tt̄ background.

Figure 15.1. CDF 95% C.L. excluded region in the m~_t, m_{ν̃} parameter plane. For the 3-body stop decay, t̃ → lν̃b, a 33.3% branching ratio to each of the three lepton flavors is used.

16. Conclusion

In the work documented in this thesis we searched for the presence of the supersymmetric partner of the top quark in ∫ Ldt = 107.2 pb^{−1} of the Run 1 dilepton data sample collected by the CDF experiment at Fermilab. Stop anti-stop pairs would be strongly pair produced at the Tevatron if kinematically allowed. We considered the three body decay of the stop quark t̃ → blν̃ to dominate, taking 100% of the branching ratio with l ∈ {e, μ, τ}. The signature the stop-antistop pairs would leave in the detector would denote the presence of energetic, opposite electric charge leptons, bottom quark jets and substantial missing transverse energy. The main background mimicking this signature comes from events with tt̄, bb̄, cc̄ production and decays, Drell-Yan events, diboson production and decays and events with misidentified or non-prompt leptons. The background and stop signal events were generated with the ISAJET generator and they underwent a full CDF detector simulation. We placed selection cuts on various kinematic variables in order to enhance the statistical significance of stop events in the data while at the same time reducing the background. We found that the relative uncertainty in determining the amount of stop events in the data was 37.8%. We observed zero events in agreement with the predicted background. This allowed us to set an upper limit of 4.01 events on the amount of stop signal in the data and we determined our excluded region in the stop versus sneutrino mass plane. The highest stop mass we were able to reach was m~_t = 135 GeV/c^2 and the highest excluded sneutrino mass was m_{ν̃} = 88.4 GeV/c^2 . We observed no sign of supersymmetry manifesting itself in our data, and we look forward to the results of Run 2 at Fermilab and, later, the results from the Large Hadron Collider of CERN, both of which will extend the reach of the analysis presented here.