Observations of the Top Quark

Mentee: Jordan Glover (Tougaloo College)
Mentor: Prof Andreas Jung (Purdue University)




CMS

Overview

1. Introduction

2. Standard Model Review

3. Top Production and Decay
4. Methods and Analysis

5. Results



Tevatron

Active years: 1983 — 2011

Maximum beam energy: ~1TeV

Collision type: proton/anti-proton

CDF and D-Zero experiments

Main achievement — top quark discovery 1995
Tevatron measured mass 174.30 + 0.65 GeV
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July 2016 (* preliminary)
CDF-I dilepton 167.4+11.4 (£103+ 49)
DO-1 dilepton 168.4+12.8 (£123+ 35)
CDF-Il dilepton 2 1715432 =19+ 25
DO-11 dilepton * | 17350 +1.56 (£1.31= 0.84)
CDF-I lepton+jets * 764+ T -5+ 53
DO-l lepton+jets __.TBEH 53 (=35 39)
CDF-ll lepton+jets 3 172.85+1.12 (=0.52+ 0.99)
DO-1I lepton+jets N 174.9840.75 (+0.41=0.63)
CDF-I alljets 1860115 100+ 57
CDF-II all-jets T 175.07 £1.95 (£1.18+ 1.55)
CDF-Il Lxy 166.90 +9.43 (+9.00+ 2.80)
CDF-Il MET+Jets " N 173.93+1.85 (+1.26+ 1.35)
Tevatron combination * B 174.30 +0.65 (=0.35+ 0.54)
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Large Hadron Collider (LHC)

Active Years: 2011 - 2025

Maximum beam energy: ~ 7TeV/beam
Main collision type: proton - proton
LHC is a “top quark factory”
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CMS

High Luminosity — Large Hadron Collider (HL-LHC)

® Projected Active Years: 2029 - ~2040
e Civil engineering work began
e June 15, 2018
® Projected center-of-mass energy: ~14 TeV
e Projected integrated luminosity 3000 fb~1 —
4000 fb~1
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LHC /HL-LHC Plan HiLumi

LARGE HADRON COLLIDER

LHC HL-LHC
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HL-LHC
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Top Quark Production Theory
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e Because of its mass, it
decays quickly

e 2 b-jets and 2 pairs of lepton
— neutrinos (90 % of the time)

e Quark — anti quark pairs
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Methods and Analysis
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Results

Measure the spin correlations and polarization of the top quark
with HL-LHC Monte Carlo

For Loop = NumPy: array-based computing to decrease the
amount of time it takes to select these events

Bell Inequality tests to interpret spin correlation
® https://arxiv.org/pdf/2102.11883.pdf

Measure entanglement in top quark pairs
® https://arxiv.org/abs/2003.02280
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