Contents

1 Introduction. .......... ... .. ... .. . . . .. . ..
References. . . ...
2 Quarkonium Physics. . ........ ... ...
2.1 Introduction ............. .. ...
2.2 Quarkonium Production . .................. . ... .. .. ......
2.2.1 Non-relativistic QCD Factorization. . .................
2.2.2  Quarkonium Production in the Pre-LHC Era............
2.3 Quarkonium Polarization .............. ... ... ... ... .. ...,
2.3.1 General Considerations . . . .........................
2.3.2 Frame-Invariant Formalism.........................

2.3.3 Ambiguity of Pre-LHC Quarkonium Polarization
Measurements . . .. ... ..
2.3.4 Polarization of the x States. .. ......................
2.4 Quarkonium Physics Summary. ............... .. ... .......
References. . . ... .
3 Experimental Setup............ ... ... ... .. ...
3.1 The Large Hadron Collider. . .. ............... .. ... .......
3.1.1 The Machine............... .. .. ... .. ... ......
3.1.2 Physicsatthe LHC....... ... ... ... ... .. .. .....
3.2 The Compact Muon Solenoid Experiment .. .................
321 DeSign. ..o
3.2.2 Tracking Detectors . .. ............. i,
3.23 Muon Detectors. . . ...
3.24 Trigger and Data Acquisition Systems . ...............
3.2.5 Offline Track and Muon Reconstruction .. .............
3.2.6  Photon Conversion Reconstruction . ..................
3.2.7 Quarkonium Reconstruction Performance . .............
3.3 Experimental Setup Summary. . ............... ... ... ...
References. . .. ... .

29
29
31
31

35
35
35
38
40
40
42
44
47
55
60
69
73
74

Xiii



Xiv

4

5

Contents
Data Analysis. . . . ... .. 77
4.1 Analysis Strategy ... ... 77
4.1.1 The Polarization Extraction Framework ............... 79
4.1.2 Background Subtraction ............. ... ... . ...... 80
4.1.3 Posterior Probability Density of the Anisotropy
Parameters. .. ......... ... . . 81
4.14 Extraction of the Results. . ...................... ... 85
4.1.5 Validation of the Framework ....................... 88
4.2 Measurement of the Y(nS) Polarizations .................... 91
4.2.1 7Y(nS) Data Processing and Event Selection . ........... 91
422 7Y(nS) Efficiencies. . . ... 92
4.2.3 Y (nS) Mass Distribution. . .. ........ ... . ... . ...... 97
4.2.4 Determination of the Y(nS) Background Model . .. ...... 101
4.2.5 Systematic Uncertainties . . .. ....................... 104
426 Results . ... ... 106
4.3 Measurement of the Prompt ¢(nS) Polarizations . ............. 109
4.3.1 (nS) Data Processing and Event Selection ............ 109
432 (nS) Efficiencies . . . ...... ... i 109
4.3.3  (nS) Mass and Lifetime Distributions. . .............. 111
4.3.4 Determination of the v(nS) Background Model . . . . ... .. 115
4.3.5 Summary of the Systematic Uncertainties. ............. 116
43.6 Results ..... ... .. .. 118
4.4 Data Analysis Summary . ... ........... . 119
References. . .. ... . 120
Discussion of Results. . . ....... ... ... ... ... ... ... ... .. ... 123
5.1 Quarkonium Production Data at the LHC. .. ................. 123
5.1.1 Cross Section Measurements. . . ..................... 123
5.1.2 Polarization Measurements . . ....................... 126
5.2 NRQCD Analyses Review . .. ....... ... ... ... ... . ..... 129
5.3 A Data-Driven Perspective . . ............ ... ... ... ... .... 137
5.3.1 Theory Ingredients . ......... ... ... ... ... ... ..... 138
5.3.2 Fitting Method . ......... ... .. ... ... ... . . ... ..., 141
5.3.3 Kinematic Domain Scan .. .............. ... ... ... 143
5.3.4 Results and Predictions. ... .......... ... ... ... ..... 146
5.3.5 Comparison with Other NRQCD Analyses............. 151
53.6 Conclusions. . ........ ...t 152
54 Results Summary . ......... .. ... 153
References. . .. ... .. . 154
Conclusions . . ....... .. .. . . 157
6.1 Thesis Summary. .. ..... ... . ... 157
6.2 Outlook ...... ... . . . 159

Curriculum Vitae .. ........ ... .. .. . 161



2 Springer
http://www.springer.com/978-3-319-49934-5

Measurement of Quarkonium Polarization to Probe QCD
at the LHC

knuenz, V.

2017, XV, 166 p. 74 illus., 37 illus. in color., Hardcowver
ISEM: 978-3-319-49934-5



	Contents



