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Abstract:

The first part of this thesis is dedicated to analyzing data collected by the CMS detector from proton-proton
collisions at a center-of-mass energy of 13 TeV during Run 2. We search for top quark pair production in
association with a Z boson, where the Z boson decays into two neutrinos. Additionally, we focus on the
semileptonic decay channel of top quark pairs. As a result, the final topology consists of one lepton, four
jets with 2 b-jets and large missing energy.

To enhance the sensitivity to the signal, we optimize the signal region definition and utilize a Boosted
Decision Tree to distinguish the signal from backgrounds. The expected significance for this process is
found to be 1.12, and the corresponding 95% CL upper limit on the cross section is determined to be 198.22
fb, in agreement with the Standard Model prediction of 60.03 fb. This upper limit is then used to constrain
the parameter space of Axion-like particles, specifically their coupling to gluons and top quarks.

The second part of this thesis investigates the backgrounds within the RPC sub-detector of the CMS muon
system. This study evaluates the rates of prompt and secondary background contributions across various
stations of the RPC detector, covering barrel and endcap regions.

The third part of this thesis focuses on Beyond Standard Model investigations, specifically on Axion-Like
Particles (ALPs) and dark photons. For ALPs, we examine the mass range where they remain undecayed
within the detector, manifesting as missing energy. We investigate processes in which ALPs are produced
in association with top quark pairs, as well as top quark and W boson. The sensitivity of these processes is
assessed for the LHC, HL-LHC, and FCC. For dark photons, we explore their kinetic mixing parameter
as a function of their mass for both the HL-LHC and a future muon collider.

Date-Time: Wednesday, January 15th, 2025 (Dey 26th, 1403) - 13:30

Location: Seminar room, School of Particles and Accelerators
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