Contents

1 Introduction to the Standard Model of Particle Physies. . . ... .. .. 1
1.1 Particles . .. ...... .. .. 1
1.2 The Electroweak Theory. .. ... ... ... . ... ... .. ..... 2
1.3 Quantum Chromodynamics. ... ... ..........c.oc.ueu ... 8
1.4 Open QUESHONS. . . . ..ottt 9
References . . ... ... .. . 10
2 Foundations of the Quantum Chromodynamics. . .............. 11
21 Originof QCD .. .. .. ... 11
2.2 Lagrangian of QCD and Feynman Rules . ................. 14
2.3 Renormalization . ............... .., 18
References . . .. ... ... . 21

3 QCD Perturbative Calculation of the Scattering Processes

at Hadron Colliders. . . .. ...... ... . . . . ., 23
3.1 Factorization . . .. .. ... vttt e e e 24
32 Infrared Safety .. ....... ... ... i 26
33 QCD Higher-Order Effects . .. ........... ... ... ... .... 28
3.4 Resummation Methods. . .. .......... ... .. ... ... ... 31
3.4.1 Traditional Resummation Method . . . .. ............. 33
342 Resummationwith SCET.......... ... ... ... .... 38
References . . .. ... oo i e e e 40
4 QCD NLO Prediction on the Dark Matter and Photon

Associated Production at the LHC . .. ...................... 47
4.1 Introduction . ... ...... ... 47
4.2 Effective Operators . ..............uiiininin.. 50
43 RelicDensity ... ...... ... 5
4.4 DM and Photon Associated Production at the LHC . .......... 56
441 LOResults. . ....... .. 56
442 NLOResults. .. ........ ... 58
443 Numerical Results. . .. ....... ... ... ... .. .. ... ... 63

Xi

_ ] ; E HE
Bibliografische Informationen digitalisiert durch NATIONAL
http://d-nb.info/108193896X IBLIOTHE


http://d-nb.info/108193896X

xii Contents

4.5 Backgrounds and Discovery Potential. . . .. ................ 66
4.6 Conclusions and Comments .. ......................... 68
References . . . ... ... . . . 69

5 Resummation Prediction on Top Quark Transverse Momentum

Distribution at Large pz. . . ... ... ... ... ... L 73

5.1 Introduction . .......... ...t 73
5.2 Analysis of Kinematics. . .. ....... ... .. .. .. ... L., 77
5.3 Factorization and Resummation Formalism. ... ... .......... 80
5.4 Hard, Soft, and Jet Functions at NLO. . .. ................. 86
541 HardFunctions.................c..c.uiu..... 87

542 SoftFunction ................ ... 88

543 JetFunction .. ............. .. ..., 91

544 ScaleInvariance . ................. .. ... . ... ... 93

5.4.5 Final RG Improved Differential Cross Section. . . ....... 95

5.5 Numerical Results . . ... ... ... ... ... . .. 97
5.6 Conclusions and Comments . . ...................... ... 101
References . .. ... ... i e 103

6 Search for the Signal of Monotop Production at the Early LHC . .. 107
6.1 Introduction ............. ... 0. 107
6.2 Experiment Constraints. . .. ............... ... v 109
621 KO —ROMIXING .. ..ot 109

6.2.2 Z Hadronic Decay Branching Ratio. . ... ............ 112

6.2.3 Dijet Production at the LHC. . .. .................. 115

6.3 Signals and Backgrounds . . ....... ... ... oo 118
6.3.1 Hadronic Decay Mode . .. ... .................... 121

6.3.2 Semileptonic Decay Mode . . ..................... 124

6.4 Conclusions and Comments .. ......................... 126
References . . . . ... .ot 127

7 Summary and Outlook. .. .. ... ... ... ... .. ... .. ... .. .. ... 131
Appendix A: Phase Space Integration . . ....................... 133
Appendix B: Calculation of the Soft Functions . . ... .............. 137

Appendix C: Anomalous Dimensions . . . .. ..................... 141



